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5. The Effect of Pituitary Extract on the Distribution 
of Phosphorus Compounds of the Blood in a Case of
Pituitary Dffarfism.
PART 4.
1. The Effect of deep X-rayfTherapy on the Partition 
of the Phosphorus Compounds of the Blood in 
Disease.
P A R T  I.
Introduction.
-oGo-
During the past 15-20 years our knowledge concern­
ing the phosphorus content of the blood has been consid­
erably advanced by the work of several investigators.
The inorganic phosphorus fraction, which is only about 
tylQ of the total phosphorus compounds of the whole 
blood, appears to have claimed the attention of most of 
the previous workers, and, therefore, abundant data are 
available from the literature both for health and disease. 
Because of this, the inorganic phosphorus fraction of 
the blood has already acquired some definitely practical 
clinical value.
The other fractions of the phosphorus of the blood 
have attracted the attention of fewer workers, and have 
been less studied with the obvious result that such scanty 
observations as are available, are still of only theoreti­
cal interest and no clinical value.
In view of this scanty information as to the total 
content and the distribution of the phosphorus compounds 
in the blood it seemed advisable further to investigate 
the question and the present communication is an attempt 
to do this using the child chiefly as the material.
2 .
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A great deal of the earlier work on the phosphorus 
compounds in human blood is invalidated, because no 
suitable precautions were taken to prevent hydrolysis of 
various moieties of the phosphorus.
(1)Martland, Hansman and Robison (1924) and Lawaczeck
(2)
(1924) have shown conclusively that, if the blood has been
laked, a rapid increase in the amount of the inorganic
phosphorus fraction of the blood occurs even at room
temperature. This increase in the inorganic phosphorus
fraction is due to the hydrolysis of phosphoric esters by
the enzymes liberated from the laked corpuscles. Further-
(3)
more, Kay and Byron (1927) have pointed out that even after 
the precipitation of the proteins, blood filtrates, if 
allowed to stand in acid solutions for any length of time, 
undergo a slow hydrolysis of their organic phosphorus 
compounds.
Unlaked blood which is not allowed to become alkaline 
owing to the loss of carbon dioxide may be kept for several 
minutes at room temperature before any detectable change 
in its inorganic phosphorus fraction takes place. If the 
blood becomes more alkaline the inorganic phosphorus 
diminishes at first, and then, slowly rises again. If 
the blood is made slightly acid the inorganic phosphorus 
fraction rises from the beginning. Owing to the loss of 
carbon/
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carbon dioxide on defibrination, with the resulting alkal­
inity and synthesis of the inorganic phosphorus into an 
organic form, the serum may contain a smaller inorganic 
phosphorus fraction than the plasma. On the strength of 
these findings it is essential to follow most scrupulously 
the technique laid down so that the quantitative value of 
the "inorganic" and so-called "organic acid soluble"
phosphorus of the blood be relatively correct.
(4)
Bloor published, some 12 years ago, his important work 
on the phosphorus compounds of the human blood. For the 
sake of convenience he divided phosphoric acid compounds 
into two different groups:-
(a) The acid soluble = soluble in dilute acids and 
precipitated with the proteins by the alcohol-ether solution.
(b) The lipoid phosphoric acid compounds - soluble in 
alcohol-ether solution, and precipitated with the proteins 
by dilute acids.
Bloor showed that these two groups are apparently
sharply defined, and, since in general, their sum total is
equal to the total phosphorus of the blood the presence of
other forms of the phosphoric combinations in blood in
significant amounts is doubtful.
The acid soluble fraction comprises the small amount
of inorganic phosphorus and a very much larger fraction
(4)
of the organic phosphorus. Bloor (1918) and Zucker and
(5)
Gutman (1925) showed, however, that the phosphorus in the 
organic/
4
organic combinations can be liberated by hydrolysis with
(6) (7)
acids, and Kay and Robison (1924), and Kay (1926) pointed
out that this liberation can be brought about by the
enzymes as well#
The lipoid phosphoric acid compounds comprise leci-
(8)
thin, kephalin, and sphyngomyelin. Bloor (1916) studied
"fats" in the normal human blood, and he found that the
lecithin (lipin) content of the corpuscles of the blood
is approximately double that of the plasma. De Wesselow 
(9)
(1924) confirmed this.
There is also a relatively minute quantity of nucleic
acid present in leucocytes which does not appear in either
group (a) or (b) .
Further, phosphorus in organic combination is also
present in the specimens of serum albumin and globulin
which have not been extracted with the alcohol-ether
(10)
solution, but, according to Sksrensen (1926) , this organic
phosphorus is not an integral portion of the protein mole­
cule, since the alcohol-ether extraction at -4° removes it 
almost completely. He believed that both these proteins, 
when pure, would be found to be phosphorus-free.
Up till 1923 there were only two organically bound
phosphorus compounds known, namely, nucleoprotein and lipin
(11) (12)
phosphorus, but Backson (1923 and 1924) isolated and identi­
fied a third compound as adenine nucleotide. Kay and
(6)
Robison (1924) showed that there were, at least, two classes 
of/
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of the acid soluble organic phosphorus in blood, some 
25=35 per cent of the acid soluble phosphorus being
\
hydrolysed rapidly at 38° by means of an enzyme which
could be extracted from bone, whilst the remainder of the
organic phosphorus was not hydrolysed by this agent.
(13)
Goodwin and Robison (1924) separated a reducing phosphoric
(14)
ester, and Greenwald (1925) isolated a compound without
reducing properties which he has shown to be a salt of the
diphosphoric ester of l=glyeerie acid.
(3)
Kay and Byrom (1927) classified phosphorus compounds
of the blood in the following manner:=
1. Inorganic phosphate.
\
2. Nucleotide phosphate. A ’’Acid
’’Ester , Soluble
3. Fhosph©glyceric acid. Phosphorus” > Phosphorus
4. Reducing phosphoric ester. (
5. At least one other phosphoric ester '
6. Lecithin.
y
7. Kephalin. > Lipin Phosphorus.
8. Sphingomyelin.
9. Nucleic acid (residual phosphorus (very small in total
quantity)). 
Composition of Human Blood.
Blood is composed of (1) plasma, (2) red blood corpuscles,
(3) white blood cells, and (4) platelets. These four
elements of the blood contain unequal amounts of different
(15)
phosphorus compounds. Kay (1926) showed that the white 
blood cells (leucocytes) and the platelets are richer in 
the/
6.
the phosphorus compounds than the red blood corpuscles, 
but unless they were abnormally high in number in a given 
specimen of blood their fraction of the phosphorus 
compounds could be neglected. In the abnormal blood, 
however, they must be checked by the process of counting 
or by means of the haematocrit.
Practically all, but not quite all, the ester phos­
phorus of the blood is present in the red blood corpuscles.
(16) (7)
Martland and Robison (1926) and Kay (1926) showed that
about 1 per cent of the total ester phosphorus in 100 c.c.
of whole blood is present in the plasma, and that it is
hydrolysed by tissue phosphatases. About 2 per cent of
the ester phosphorus is present in the white blood cells
and platelets, and the rest (97$) is present in the red
blood corpuscles.
Survey of the Literature on the Phosphorus Compounds
of Normal Blood.
-oOo-
The most important part of the work on the phosphorus 
compounds of the human blood has been carried out during 
the last twenty years.
As the literature is fairly extensive it is thought 
more convenient to collect and present in a tabulated form 
the various findings of most of the previous workers 
regarding the phosphorus compounds of the human blood in 
normal/
7
normal subjects. These results will be found in Tables 
I and II.
It is of interest, however, to mention specially the
(32)
important work of Meigs, Blatherwick, and Carey (1919)
who examined 47 samples of animals' plasma for the lipoid,
inorganic, and total phosphorus. They found that the
sum total of the lipoid and inorganic phosphorus fraction
is generally a little lower than the total determined
independently, the difference amounting, on the average,
to 0.26 mg. per 100 c.c. of plasma. They concluded that
the plasma of normal blood contains no phosphorized proteins,
and probably no phosphorus compounds at all except phos-
phatid.es, and inorganic phosphates. Both of these undergo
variations with increasing age and during pregnancy. The
phosphatides of the plasma show a marked tendency to rise
during the first month of lactation and to remain high until
(33)
lactation ceases. De Wesselow (1922) similarly found in
women that the inorganic phosphates fell towards the end
of pregnancy, and rose during the period of lactation.
(34)
Hess and Lundagen (1922) examined the blood of infants 
at different times of the year, and they showed that there 
is a seasonal tide in the inorganic phosphates in children. 
They found 3.92 mg. of the inorganic phosphate in 100 c.c. 
of blood in December whereas in summer 4.34 mg. per 100 c.c. 
of blood. The tide appeared to be the lowest in March, 
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Table II.
Author's Name. Plasma or Serum •Whole Blood Oorpusoles.
Haema-- Organ.
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The method used for all the estimations of the
phosphorus compounds of the human blood in this work was
(3)
that adopted and described fully by Kay and Byrom (1927)
with one or two slight modifications that were found
inevitable in the proceas of its application. This method
(35)
however, actually consists of Brigg’s (1922) modification
(36)
of Bell and Doisy*s (1920) colorimetric method for the
estimation of inorganic and ester phosphorus and Randles
(37)
and Khudson’s (1922) method for the estimation of the lipin 
phosphorus content of the blood.
Owing to the technical difficulties it wa3 decided to 
omit the estimations of the hydrolysable and non-hydro- 
lysable ester phosphorus fractions in this work.
For the purpose of complete analysis about 20 c.c. of 
the oxalated human blood were used, and the following 
independent estimations were done on each specimen of 
blood
1. Haeraatoerit value.
2. Inorganic or free phosphates of the whole blood.
3. Inorganic plus ester phosphorus of the whole blood.
4. Lipin phosphorus of the whole blood.
5. Total phosphorus of the whole blood.
P A R T  2 .
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6. Inorganic phosphate of the plasma.
7. Inorganic and ester phosphorus of the plasma.
8. Lipin phosphorus of the plasma.
9. Total phosphorus of the plasma.
From the findings of the above ennumerated estimations 
the following were calculated:-
1. Total phosphorus of the whole blood.
2. Ester phosphorus of the whole blood.
3. Ester phosphorus of the plasma.
4. Total phosphorus of the plasma.
5. Inorganic or free phosphate of the red blood corpuscles.
6. Ester phosphorus of the red blood corpuscles.
7. Lipin phosphorus of the red blood corpuscles.
8* Total phosphorus of the red blood corpuscles.
While in studies of this nature it is probably highly 
desirable to obtain all the samples of blood in the morning 
when the patients are still fasting, it proved impracticable 
in this work to adhere to this condition, and the collection 
of the samples of blood had been, therefore, made in the 
morning 3 to 4 hours after breakfast or in the afternoon 
when a similar interval of time had been allowed to elapse 
after the consumption of the last meal. Thi3 interval 
has been deemed long enougjh to exclude any direct influence 
of a meal on the partition of the phosphonia compounds of 
the blood.
All the specimens of blood were obtained from one of 
the veins of the arm except in the few infants when the 
longitudinal/
1 1
longitudinal sinus was the source. In order to prevent 
coagulation of the blood a minute quantity of potassium 
oxalate was used.
As very little is known at present regarding the 
equilibrium existing between the various forms of 
phosphorus in the plasma and the red blood corpuscles 
or the ease with which an exchange of these substances 
may take place between the corpuscles and plasma all the 
estimations were commenced immediately the sample of 
blood was obtained, and carried on uninterruptedly to 
full completion.
All the results have been obtained from triplicate 
estimations with only few exceptions where only duplicates 
have been done.
The whole technique was considered carefully, worked 
out, simplified, and standardised so that once the 
correctly measured amount of the plasma or whole blood 
was introduced into the pyrex boiling tubes it did not 
leave them till the final readings were taken in the 
colorimeter.
Haematocrit readings were taken from the oxalated 
blood which had been spun for 40-45 minutes in a centri­
fuge at 3000 revolutions per minute, in a centrifuge tube 
graduated and standardised to one tenth of a cubic 
centimeter.
Kay and Byrora used the substance "Be par in" as the 
anticoagulant in the sample of blood for the haematocrit
value/
1 2
value, and potassium oxalate in that used for the 
estimations of the phosphorus compounds. As the sub­
stance "heparin" was not obtainable potassium oxalate 
was uniformly used as an anticoagulant in this work.
It is true that the osmotic pressure of potassium 
oxalate is relatively high, and the relative corpus­
cular volume probably does suffer correspondingly, but 
as potassium oxalate is also used for the purpose of 
separating plasma from the whole blood for the esti­
mation of the phosphorus compounds the relativity is 
preserved, and more uniform results may be expected than 
those in the case of Kay and Byrom who used "heparin" 
for the sample of blood for the haematocrit reading, and
potassium oxalate for that one used for the analysis.
(38)
Rossdale (1922-=23) while studying haematocrit 
values of the blood showed that the addition to the blood 
of either citrate or oxalate vitiated the haemotocrit 
readings by reducing the corpuscular volume per 100 c.c. 
of whole blood, unless a particular proportion of oxalate 
to blood be chanced upon which happens to be isotonic to 
the particular blood under examination. He concluded 
that the haematocrit value was reduced generally by 14 
per cent when salts are used as compared with the values 
obtained from the unsalted blood samples.
The total phosphorus content of the whole blood was 
done in all the specimens of blood by the direct method 
of/
1 3.
of combustion as well, and the average values agree very 
well with those obtained by adding together the total 
acid soluble phosphorus and the lipin phosphorus of 
whole blood. This supports Bloor’s statement that 
forms of phosphorus other than the acid soluble phos­
phorus, and the alcoho1-ether soluble phosphorus occur 
in normal blood in quite unimportant quantities. The 
direct and ’’added” totals do not always agree in the 
individual cases, but, it must, however, be borne in mind 
that the latter total is the sum of two figures each 
obtained independently by the process of combustion.
In most of the specimens of plasma, owing to the 
insufficiency of the amount available, the estimation 
was performed either for the lipin or total phosphorus 
alone, and the other figure arrived at by addition or 
subtraction. In the few samples where both estimations 
were done independently it was found that the ’’added” and 
the direct total phosphorus of plasma agreed closely.
The calcium of serum was also determined in each 
sample of blood, but these samples were obtained indepen­
dently, and they were not oxalated.
The Normal Child.
—oOo—
In order to find the relative normality of the 
partition of the phosphorus compounds in the blood, and, 
thus, provide a suitable standard for the quantitative
estimations/
14
estimations in various pathological conditions, samples 
of blood of 10 normal children, ranging in age from 4 
to 12 years, have been analysed completely.
The results of direct analysis of the whole blood, 
and plasma for phosphorus compounds of the 10 normal 
children - boys and girl3 - who were selected very care­
fully from completely convalescent patients are given 
in Table III. The figures for the phosphorus compounds 
of the red blood corpuscles have been arrived at by the 
process of calculation from those for the whole blood, 
and plasma. The highest, lowest and mean values are 
shown at the foot of the Table.
As the terms used here may lead to unnecessary 
confusion it is well to point out that all the figures 
are given in terms of P.
As the terms’’inorganic” phosphate, and ”free” 
phosphorus are synonymous, it is proposed to use the term 
”free phosphorus” throughout this paper except when quot­
ing the figures of other workers who used other terms to 
designate the same thing. The term ”lipin phosphorus” 
will be used for the alcohol-ether soluble phosphorus 
except when quoting the figures of other investigators 
who used some similar term to express the same phosphorus 
partition.
HaematAcrlt Findings.
The average corpuscular volume of blood in 10 normal 
children/
TABLE i n  -  Phosphorus Compounds o f  _the Blood in  10 Normal  C h ild re n .
No. Name. Age.
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children was found to be 33.15 per 100 c.c. The
highest recorded volume was 38.8, and the lowest 28.7
per 100 c.c. of blood. McKellips, De Young, and Bloor 
(20)
(1921) reported that the whole blood of children contained
on the average, 44.3 per cent of red blood corpuscles, and
(3)
Kay and Byrom (1927) gave an average of 43 per 100 c.c. 
of whole blood in the normal adults, but the latter noted 
the same range of fluctuation in individual cases as 
reported for the cases of this paper. Although, as it 
has been already explained elsewhere, the potassium oxalate 
vitiates the relative corpusclular volume of the blood it 
is extremely improbable that the latter would suffer to 
the extent of 25.1 per cent. Since the addition of 
minute amounts of potassium oxalate to the blood does not 
seem in itself sufficient to explain wholly this marked 
discrepancy between the corpuscular volume of blood in 
children and that in the adult, it is conceivable that the 
red blood corpuscles in children may be smaller in size 
than those of the adult and these two factors combined 
would be enough to account for the difference. In order 
to eliminate the possibility of secondary anaemia co­
existing blood counts were done independently in 5 of the 
10 normal cases, and the red blood corpuscles were found 
to range from 4,400,000 to 5,100,000 per cmm. It is of 
course self-evident that the diminution of red blood 
corpuscles per cmm of blood is bound to influence the 
corpuscular/
1 6 .
corpuscular volume of whole blood, but the element of 
size of the red blood corpuscles also exercises an 
appreciable influence as can be seen from Table III.
The increase or decrease in the number of red blood 
corpuscles does not correspond to an absolutely propor­
tionate increase or decrease in the corpuscular volume.
Free Phosphorus.
The average free phosphorus in 10 normal children 
was found to be 4.15 mg. per 100 c.c. of the whole blood, 
3.93 mg. per 100 c.c. of the plasma, and 4.63 mg. per 
100 e.c. of the red blood corpuscles. The highest figure 
recorded for the whole blood was 4.6 mg.$ and the lowest 
3.8 mg.$. The highest figure for the plasma was 4.39 mg. 
per cent, and the lowest 3.53 mg. per cent. Tie highest 
figure for red blood corpuscles was 5.46 mg. per cent, 
and the lowest 4.23 mg. per cent. Our average for the 
whole blood agrees with that arrived at by Hess and Gutman, 
and Riesenfeld and his co-workers, whereas some of the 
other investigators reported slightly higher figures, e.g. 
Zucker and Gutman found an average of 4.6 mg. per 100 c.c. 
of whole blood, and Anderson 4.8 mg. per 100 c.c. of whole 
blood. On the other hand, Jones and Nye reported an 
average of 3.1 mg. of inorganic phosphate per 100 c.c. 
of whole blood. The average figures for inorganic 
phosphate in adults are smaller than in children.
The/
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Th© red blood corpuscles are relatively richer in
f r e e  p h o sp h o ru s th a n  e i t h e r  th e  w h o le  b lo o d  o r  th e  p la sm a
and t h i s  a g r e e s  w it h  th e f i n d in g s  o f  Jo n e s and N ye, and
McKellip and his co-workers, and Bloor.
(1 9 )
T a y lo r  and M i l l e r  ( 1 9 1 4 ) ,  on th e  o t h e r  h a n d , fo u n d
(3 9 )
no in o r g a n ic  p h o sp h a te  i n  th e  se ru m . B u e l l  (1 9 2 3 ) u s i n g  
B l o o r ’ s n e p h e lo m e t r ic  m ethod, fo u n d  th e  c o r p u s c le s  o f  th e  
b lo o d  i n  th e  d og f r e e  o f  i n o r g a n ic  p h o s p h a t e s . I n  the  
c o r p u s c le s  o f  human b lo o d  he fo u n d , h o w e v e r, j u s t  a  t r a c e  
o f  th e i n o r g a n ic  p h o s p h a te , b u t he w as o f  th e  o p in io n  
t h a t  i t  was due to  p o st-m o rte m  c h a n g e s .
E s t e r  P h o s p h o ru s .
The a v e ra g e  e s t e r  p h o sp h o ru s i n  10 n o rm a l c h i l d r e n  
was fo u n d  to  be 2 2 . 4  mg. p e r  100 c . c .  f o r  th e  w h o le  b lo o d  
w it h  th e  h ig h e s t  f i g u r e  o f  2 7 . 3  m g ., and lo w e s t  o f  1 9 .7 6  mg. 
p e r  100  c . c . ,  a n d  th e s e  f i n d i n g s  c o r r e s p o n d  to  th o se  
p u b lis h e d  by J o n e s  and N y e ; and Kay and Byrom . The a c t u a l  
amount o f  e s t e r  p h o sp h o ru s i n  th e  w h o le  b lo o d  depends  
e n t i r e l y  up o n  two f a c t o r s :  (a )  th e  r e l a t i v e  p r o p o r t io n  o f  
th e  r e d  b lo o d  c o r p u s c le s  to  t h a t  o f  p la sm a , an d  (b ) th e  
amount o f  e s t e r  p h o sp h o ru s c o n t a in e d  a c t u a l l y  i n  e a c h  r e d  
b lo o d  c o r p u s c le  a t  th e  tim e  o f  th e e s t im a t io n .
P lasm a c o n t a in s  v e r y  s m a ll  am ounts o f  th e  e s t e r  
p h o sp h o ru s com pounds, th e  a v e ra g e  amount b e in g  0 . 3 8  mg. p e r  
100 c . c .  o f  p la s m a , th e  h ig h e s t  b e in g  0 . 6 1  m g ., and th e  
lo w e s t  0 . 1 5  mg. p e r  100 c . c .  o f  th e  p la sm a .
I t /
1 8 .
It follows from the above findings that practically 
the whole bulk of ester phosphorus compounds is contained 
in the red blood corpuscles. Thus- the ester phosphorus 
appears to be an integral constituent of the red blood 
cells, and it resembles haemoglobin in the reluctance with 
which it leaves the red blood corpuscles, little short of 
laking being sufficient to bring it out into the plasma.
The average ester phosphorus was found to be 67.25 mg. 
per 100 c«c. of the red blood corpuscles, with the highest 
figure of 80.2 mg. and the lowest of 51.4 mg. per 100 c.c. 
Strictly speaking, this is not quite correct, because the 
fraction of ester phosphorus of the white blood cells 
(leucocytes) has not been taken into account, but, in the 
normal individual this is so small in amount that it can 
be safely neglected. In the abnormal cases, however,
where there is a high leucocytosis it must be allowed for.
(3 )
Kay and Byrom (1927) tej?med the ester phosphorus of 
red blood corpuscles the "phosphorus Index", and they held 
that it was very constant in the normal adult. The 
"phosphorus index" represents the amount of ester phos­
phorus in milligrammes present in 100 c.c. of red blood 
corpuscles. According to their findings, it had practi­
cally the same value of 53 in the normal adult rarely vary­
ing in health more than 10 per cent on each side of the mean. 
From the results of this paper, it is 67.25 with a variation 
of about 20 per cent in either direction of the mean value. 
As/
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As we have used the same method for estimation, it would 
appear that the red blood corpuscles of the blood in 
children are richer in ester phosphorus than those of the 
blood in adults.
The phosphorus index was calculated from the figures 
for children by Jones and Nye; and also by McKellips and 
his co-workers, who respectively found it to be 57.6 and 
49.6. From the figures for adults published by Bloor 
it was calculated to be 52,9. All these investigators 
used the nephelometric method.
Lipin Phosphorus.
“OCO”
The average for the lipin phosphorus compounds of the 
blood is found to be 15.74- mg. per 100 c.c. of the whole 
blood, with the high©8  ̂figure of 15.4 mg. and the lowest 
of 12.5 mg. per 100 c.c. The factors influencing the 
actual amount of lipin phosphorus compounds are much more 
complicated than in the case of ester phosphorus, because 
lipin phosphorus in contradistinction to the ester phos­
phorus is present in appreciable amounts both in the plasma 
and the red blood corpuscles though it is present in the 
latter 2§ times more than in the former.
The average lipin phosphorus of the plasma is found 
to be 9.06 mg. per 100 c.c., the highest being 10.7 mg. 
and the lowest 6.61 mg. per 100 c.c. Jones and Nye found 
9.5 mg. per 100 c.c. of the plasma in children. Greenwald 
reported/
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r e p o r t e d  9 .8 2  mg. p e r  100 c . c .  o f  th e  serum  i n  a d u lt s ,  Kay  
and Byrom r e c o r d e d  an  a v e ra g e  o f  7 . 1  mg. o f  th e  l i p l n  
p h o sp h o ru s p e r  100  c . c *  o f  th e  p la sm a i n  a d u l t s .
The a v e ra g e  f o r  10 n o rm a l c h i l d r e n  o f  l i p i n  p h o s­
p h o ru s o f  th e r e d  b lo o d  c o r p u s c le s  was fo u n d  to  be 2 3 .2 6  mg. 
p e r ICO c . c . ,  th e  h ig h e s t  f i g u r e  b e in g  2 8 . 7  m g ., and th e  
lo w e s t  2 0 . 0  mg. p e r  100 c . c .  We c a l c u la t e d  i t  fro m  th e  
r e s u l t s ,  w h ic h  w e re  i n  term s o f  H3 PO4 , p u b lis h e d  by Jo n e s  
and Wye, an d  M c K e ll ip s  and c o -w o rk e rs  and we fo u n d  i t  to  
be 1 9 .0  mg. and 1 7 . 0  mg. p e r  100 c . c .  o f  r e d  b lo o d  c o r p u s c le s  
i n  c h i l d r e n .  B lo o r  r e p o r t e d  1 8 .7  m g ., and Kay and Byrom  
r e p o r t e d  1 8 .0  mg. p e r  100 c . c .  o f  th e  r e d  b lo o d  c o r p u s c le s  
i n  a d u l t s «
I t  i s  o f  some im p o rta n c e  to  p o in t  o u t  t h a t  th e  l i p i n  
p h o sp h o ru s compounds o f  th e  r e d  b lo o d  c o r p u s c le s ,  though  
n e a r ly  3 t im e s s m a lle r  i n  amount th a n  th e  e s t e r  p h o s p h o ru s ,  
a p p e a r e q u a l l y  c o n s t a n t  i n  th e  r e d  b lo o d  c o r p u s c le s ,  and  
p r o b a b ly  th e y  o n ly  le a v e  th e l a t t e r  u n d e r  c o n s id e r a b le  s t r e s s .
Kay and Byrom w h ile  d i s c u s s i n g  th e  c o n s ta n c y  o f  th e  
e s t e r  p h o sp h o ru s compounds o f  th e  r e d  b lo o d  c e l l s  i n  h e a l t h ,  
s u g g e s t e d  t h a t  th e p h o sp h o ru s compounds o f  b lo o d  m ig h t be 
g ro u p e d  in t o  two c l a s s e s
(a )  th o se  w h ic h  form  a p o r t io n  o f  th e  p erm an en t f u r n i t u r e  
o f  th e  b lo o d  a s t i s s u e ,  a n d ,
(b ) th o se  w h ic h  a re  b e in g  t r a n s p la n t e d  by th e  b lo o d  
from  one o rg a n  to  a n o t h e r .
The e s t e r  p h o sp h o ru s o f  th e r e d  b lo o d  c o r p u s c le s  o f  
norma 3/'
2 1 .
n o rm a l b lo o d  b e lo n g s  m a in ly  to  th e  c l a s s  (a ) . The e s t e r  
p h o sp h o ru s o f  th e  p la a n a  i s  p r o b a b ly  m a in ly  o f  the c l a s s
( b ) , w h i l s t  th e  in o r g a n ic  p h o sp h o ru s and th e  l i p i n  p h o sp h o ru s  
o f  th e  p la sm a  a r e  p a r t l y  (a ) and p a r t l y  (b ) .
T h is  t e n t a t i v e  g r o u p in g  o f  th e  p h o sp h o ru s compounds o f  
b lo o d  i s  in c o m p le t e  i n  so f a r  a s  th e  p o r t io n  o f  l i p i n  
p h o sp h o ru s o f  th e  r e d  b lo o d  c o r p u s c le s  i s  c o m p le t e ly  l e f t  
o u t w it h o u t  an y ad e q u ate  e x p la n a t io n .  As i t  h a s b een  
s u f f i c i e n t l y  p ro v e n  t h a t  th e l i p i n  p h o sp h o ru s compounds 
f r a c t i o n  o f  th e  r e d  b lo o d  c o r p u s c le s  i n  n o rm a l b lo o d  i s  
v e r y  c o n s t a n t  i t  h a s  th e  c la im  to  be in c lu d e d  i n  th e  
p erm an en t f u r n i t u r e  o f  th e  b lo o d  a s  t i s s u e .
C a lc iu m  C o n te n t o f  the S erum .
“O0o-
The a v e ra g e  c a lc iu m  c o n te n t o f  th e  b lo o d  serum  f o r  
9 n o rm a l c h i l d r e n  was fo u n d  to  be 1 0 .7 3  mg. p e r 100 c . c . ,  
th e  h ig h e s t  f i g u r e  b e in g  1 1 . 1  m g ., an d  th e  lo w e s t  1 0 .0 8  mg. 
p e r  100 c . c .  o f  th e  seru m .
T h e re  a p p e a rs  to  e x i s t  no e v id e n t  r e l a t i o n s h i p  i n  
d i s t r i b u t i o n  b etw een  the c a lc iu m  c o n t e n t  o f  serum  and any  
compound o f  p h o sp h o ru s i n  e i t h e r  w h o le  b lo o d ,  p la sm a  o r  
c o r p u s c le s  from  th e s e  r e s u l t s .
Summary an d  C o n c lu s io n s .
- o 0o -
1 .  The b lo o d  o f  n o rm a l c h i ld r e n  i s  r e l a t i v e l y  r i c h e r  i n  
p h o sp h o ru s compounds th a n  t h a t  o f  a d u l t s .
2/
2 2 .
2 .  P h o sp h o ru s compounds o f  th e b lo o d  I n  n o rm a l c h i l d r e n  
show s l i g h t l y  g r e a t e r  v a r i a t i o n s  i n  d i s t r i b u t i o n  th a n  
th o s e  o f  th e  a d u l t s .
3 .  The f r e e  p h o sp h o ru s ©f b lo o d  i n  n o rm a l c h i ld r e n  i s  
a p p r e c ia b ly  h ig h e r  th a n  i n  th e  a d u lt s .
4 .  The r e d  b lo o d  c o r p u s c le s  a re  r i c h e s t  i n  th e  f r e e  p h o s­
p h o ru s ,  th e n  th e w h o le  b lo o d ,a n d  th e p la sm a  i s  p o o r e s t .
5 .  The p la sm a o f  th e  b lo o d  i n  n o rm a l c h i ld r e n  c o n t a in s  
2 7 * 6  p e r  c e n t  more l i p i n  p h o sp h o ru s th a n  t h a t  o f  th e  
a d u l t s .
6 . The r e d  b lo o d  c o r p u s c le s  i n  n o rm a l c h i ld r e n  c o n t a in  2 9 .2  
p e r  c e n t  o f  l i p i n  p h o sp h o ru s more th a n  t h a t  o f  the n o rm a l  
a d u l t s .
The l i p i n  p h o sp h o ru s o f  th e  r e d  b lo o d  c e l l s  i s  a lm o s t  as  
c o n s t a n t  an in g r e d ie n t  a s  i s  th e  e s t e r  p h o s p h o ru s .
7 .  The e s t e r  p h o sp h o ru s o f  th e  p la sm a  i s  v e r y  s m a ll  i n  
am ou n t.
8 . The r e d  b lo o d  c o r p u s c le s  i n  n o rm a l c h i ld r e n  a p p e a rs  to  
be r i c h e r  i n  e s t e r  p h o sp h o ru s th a n  th o se  o f  the a d u l t s .  
The ” p h o sp h o ru s in d e x ” i s  n o t a s  c o n s t a n t  i n  n o rm a l  
c h i l d r e n  a s  i n  th e  n o rm a l a d u l t s .
9 . The c a lc iu m  c o n te n t  o f  b lo o d  p la sm a  i n  c h i l d r e n  was fo u n d  
to  v a r y  from  1 0 .0 8  mg. p e r c e n t  to  1 1 .1  mg. p e r  c e n t .
1 0 .  A s t a n d a r d  f o r  th e  d i s t r i b u t i o n  o f  p h o sp h o ru s compounds 
o f  b lo o d  i n  n o rm a l c h i l d r e n  h a s been  a r r i v e d  a t  f o r  




In all the investigations of this nature the initial 
stumbling-block is the clinical classification of the 
types of nephritis to which the individual case belongs.
A simple separation into (a) the acute, (b) subacute, and
(c) chronic group has been adopted here. The "acute” 
group includes all the cases suffering from the first 
attack of nephritis from which apparent recovery usually 
follows within two months. 'Hie "subacute" group 
comprises all the cases with the primary attack of 
nephritis of more prolonged duration, in which the disease 
has lasted for a period of some months. The "chronic" 
group consists of all the cases of nephritis in which the 
attack is either prolonged into years or there have been 
recurrent attacks of the same condition.
This communication deals with 10 cases of nephritis 
8 of which belong to the acute, one to the subaeute, and 
one to the chronic group. In five patients out of the 8 
suffering from acute nephritis, it was attempted to study 
the behaviour of phosphorus compounds of the blood during 
the whole course of the disease, and therefore, the 
samples of patients* blood were submitted to complete 
analysis for the phosphorus compounds at different stages 
of the disease. In the remaining 3 cases of acute 
nephritis/
F A R T  I I I .
D i s t r ib u t i o n  o f  Phosphorus Compounds o f  the Blood.
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n e p h r i t i s  a s w e l l  a s i n  th e  su b a c u te  o n e, and th e  c h r o n ic  
one co m p le te  a n a l y s i s  o f  th e  b lo o d  was c a r r i e d  o u t  on  
on© o c c a s io n  o n ly  i n  e a c h  one o f  them .
(1 7 )
As e a r l y  a s  1915 G re e n w a ld  showed t h a t  i n  many
c a s e s  o f  n e p h r i t i s  the a c i d  s o lu b le  p h o sp h o ru s o f  human
b lo o d  serum  w as m a rk e d ly  in c r e a s e d .  The h ig h e s t  Ma c i d
s o l u b l e ” p h o sp h o ru s he r e p o r t e d  was 2 1 . 1  mg. p e r  100 c . c .
o f  s e ru m . H is  r e s u l t s  a l s o  showed t h a t  t h e r e  was some
a s s o c i a t i o n  betw een p h o sp h a te  r e t e n t i o n  and n it r o g e n o u s
r e t e n t i o n  th ough  n o t  i n  e v e r y  i n d i v i d u a l  c a s e »
(2 3 )
M a r r io t t  and H ow land (1 9 1 6 ) s t u d ie d  p h o sp h a te  
r e t e n t i o n  a s a f a c t o r  i n  th e  p r o d u c t io n  o f  a c i d o s i s  i n  
n e p h r i t i s . They fo u n d  t h a t  i n  c a s e s  o f  n e p h r i t i s  w it h  
a c i d o s i s  th e re  w as an in c r e a s e  i n  th e  in o r g a n ic  p h o sp h ate  
to  many tim e s th e  n o rm a l amount -  fro m  8 to  23 mg. p e r  
100 c . c .  o f  b lo o d .  F u r t h e r ,  th e y  c o n c lu d e d  t h a t  th e  
p h o sp h a te  r e t e n t i o n ,  h o w e v e r, was n o t  a r e s u l t  o f  a c i d o s i s  
p e r s e , f o r  th e y  f a i l e d  to  f i n d  an a c c u m u la t io n  o f  the  
i n o r g a n ic  p h o sp h a te s i n  th e  serum  o f  s e v e re  c a s e s  o f  
a c i d o s i s  i n  d ia b e t e s ,  and o t h e r  fo rm s o f  th e  a c e to n e  
body a c i d o s i s .
(2 4 )
D e n is  and M in o t (1 9 2 0 ) s t u d ie d  p h o sp h ate  r e t e n t i o n  
fro m  th e  s t a n d p o in t  o f  b lo o d  a n a l y s i s . Of 68 c a s e s  o f  
c a r d io  r e n a l  d is e a s e  th e y  a n a ly s e d , 2/ s  o f  th e  c a s e s  showed  
d e f i n i t e  e v id e n c e  o f  th e p h o sp h a te  r e t e n t i o n .  T h e ir  
f i g u r e s  showed no d e f i n i t e  r e l a t i o n s h i p  betw een the
d e c r e a s e /
2 5 .
in o r g a n ic  p h o sp h a te  o f  p la sm a .
(4 1 )
De W esselo w  (1 9 2 2 - 2 3 )  e x am in e d  th e  b lo o d  o f  73
n e p h r i t i c  p a t ie n t s  f o r  th e in o r g a n ic  p h o sp h a te , and
19 o u t  o f  73  c a s e s  showed th e  in o r g a n ic  p h o sp h a te  above
5 . 0  mg* p e r  100 e . e .  o f  b lo o d .  O f th e s e  i n  8 the
i n o r g a n ic  p h o sp h a te s  e x cee d e d  1 0 .0  mg. p e r  c e n t ,  i n  4
i t  l a y  betw een 6 .0  and 8 .0  mg. p e r  c e n t ,  w h i le  i n  th e
r e m a in in g  7 th e  in o r g a n ic  p h o sp h a te  l e v e l  w as below  6 .0  mg.
p e r  c e n t ,  b u t  above 5 . 0  mg. p e r  100 c . c .  o f  b lo o d . A l l
th e  c a s e s  sh o w in g  the i n o r g a n ic  p h o sp h a te s o v e r  1 0 .0  mg.
p e r  100 c . c .  o f  b lo o d  d ie d .
(4 2 )
D e n is  and Hobson (1 9 2 3 ) r e p o r t e d  th e  r e s u l t s  i n  22
c a s e s  o f  n e p h r i t i s ,  and c a r d i o - r e n a l  d is e a s e ,  and th e y
fo u n d  th e  i n o r g a n ic  p h o sp h a te s  in c r e a s e d  i n  10 o f  them ,
(5 0 )
i . e .  i n  4 5 $ .  B r ig g s  (1 9 2 3 ) a l s o  r e p o r t e d  h ig h  in o r g a n ic
p h o sp h a te  v a lu e s  f o r  th e  p lasm a o f  n e p h r i t i c s .
(4 3 )
Byrom and Kay (1 9 2 7 ) s t u d ie d  e x t e n s iv e ly  th e  
p h o sp h o ru s compounds o f  human b lo o d  i n  r e n a l  d i s e a s e . T h e ir  
f i n d i n g s  f o r  th e  in o r g a n ic  p h o sp h a te s o f  b lo o d  a g r e e d ,  on 
th e  w h o le , w it h  th o se  o f  o t h e r  w o r k e r s .  They re m a rk e d  
t h a t  t h e r e  w as a v a r i a b l e ,  o c c a s i o n a l l y  an e x tre m e , in c r e a s e  
i n  th e  in o r g a n ic  p h o sp h a te s c o n t e n t  o f  w h o le  b lo o d  o r  
p la s m a . The d e g re e  o f  th e i n o r g a n ic  p h o sp h a te  accum u­
l a t i o n  seemed r o u g h ly  p r o p o r t io n a t e  to  th e  s e v e r i t y  o f  
th e  d is e a s e  a s ju d g e d  c l i n i c a l l y  o r  a s a s s e s s e d  by th e  
l e v e l  o f  b lo o d  u r e a ,  and by th e  u s u a l  r e n a l  e f f i c i e n c y  
t e s t s /
d e cre a se  i n  th e a l k a l i  r e s e r v e  and the r i s e  in  the
2 6 .
t e a t s .  M arked p h o sp h o ru s r e t e n t i o n  a p p e a re d , h o w e v e r,  
to  b e g in  l a t e r  th a n  u r e a  r e t e n t i o n ,  and i n  t h e i r  e x p e r ­
ie n c e  i t  w as a v e r y  s e r io u s  p r o g n o s t ic  s i g n .  A l l  t h e i r  
c a s e s  w it h  more th a n  8 mg. o f  th e  i n o r g a n ic  p h o sp h a te s  
p e r  100 c . c .  o f  b lo o d  d ie d .
A l l  th e  w o rk e rs  so  f a r  en u m erated  b e l ie v e d  t h a t  
th e  r i s e  i n  in o r g a n ic  p h o sp h a te s  o f  th e  b lo o d  was o f  bad
p r o g n o s t ic  im p o r t .
(4 4 )
B lo o r  (1 9 1 7 ) s t u d ie d  th e  l i p o i d s  o f  the b lo o d  in
n e p h r i t i s ,  and he fo u n d  a b n o rm a lly  h ig h  f a t  v a lu e s  i n
th e  p la sm a and c o r p u s c le s ,  and h ig h  l e c i t h i n  i n  th e
c o r p u s c le s  o f  s e v e r e  n e p h r i t i s .  The c h o l e s t e r o l  v a lu e s
w e re  p r a c t i c a l l y  n o rm a l*  He re g a rd e d  th e s e  a b n o r m a lit ie s
a s  th e  r e s u l t  o f  a r e t a r d e d  a s s i m i l a t i o n  o f  f a t  i n  th e
b lo o d ,  w h ic h ,  he th o u g h t , to  be one o f  th e  m a n if e s t a t io n s
o f  a g e n e r a l  m e t a b o lic  d is t u r b a n c e .  E p s t e in  an d  R o t h s -  
(4 5 )
c h i l d  ( 1 9 1 7 ) ,  on th e  o t h e r  h a n d , th o u g h t th a t  th e h ig h
l i p o i d s  i n  n e p h r i t i s  r e p r e s e n t e d  a c o n d it io n  o f  f a t  n o n -
(4 6 )
u t i l i z a t i o n .  H i l l e r ,  L in d e r  and L u n d s g a a rd  (1 9 2 4 )  
s t u d ie d  f a t  m e ta b o lism  i n  n e p h r i t i s ,  and th e y  fo u n d  t h a t  
th e  n e p h r i t i c  p a t ie n t s  w it h  c o n s t a n t  l ip a e m ia  w e re  a b le  
to  b u rn  f a t  a s  e f f i c i e n t l y  a s  n o rm a l i n d i v i d u a l s . They  
s u g g e s t e d  t h a t  the a c c u m u la t io n  o f  f a t  i n  th e  b lo o d  o f  
n e p h r i t i s  m ig h t be due to  a d is t u r b a n c e  i n  th e  m echanism  
f o r  t r a n s f e r r i n g  l i p o i d s  fro m  th e  b lo o d  to  th e  t i s s u e  
d e p o t s .
G r e e n w a lc /
G re e n w a ld  (1 9 1 5 ) e s t im a t e d  th e  p h o sp h o ru s compounds 
o f  human b lo o d  serum  i n  n e p h r i t i s ,  and he r e p o r t e d  g r e a t  
v a r i a t i o n s  i n  th e l i p o i d  p h o sp h o ru s c o n t e n t .  I n  2 5  
sp e c im e n s o f  th e  s e r a  i n  n e p h r i t i e s  he fo u n d  fro m  6 .9  mg. 
to  3 6 . 2  mg. o f  th e  l i p o i d  p h o sp h o ru s p e r  100 c . c .  o f  
b lo o d  se ru m .
(4 7 )
D a n ie ls  (1 9 2 5 ) r e p o r t e d  an  in c r e a s e  o f  th e  l i p o i d s  
o f  p lasm a i n  5 o u t o f  7  c a s e s  o f  c h r o n ic  p are n ch y m a to u s  
n e p h r i t i s  e x a m in e d . I n  the o t h e r  fo rm s o f  r e n a l  d is o r d e r  
exam in ed  no s i m i l a r  in c r e a s e  i n  th e  l i p o i d s  o f  p la sm a  
w as fo u n d .
The A u t h o r ’ s R e s u l t s .
-© Co­
i n  a l l  2 5  co m p le te  e s t im a t io n s  w e re  made on th e  
p h o sp h o ru s compounds o f  b lo o d  i n  th e  10 c a s e s  o f  n e p h r i t i s  
s t u d ie d ,  and th e  r e s u l t s  a re  g iv e n  i n  T a b le  I V .
F re e  Phosphor u s .
-oO©-
The a u t h o r ’ s r e s u l t s  f o r  th e f r e e  p h o sp h o ru s o f  b lo o d  
i n  10 n e p h r i t i c  c h i l d r e n  c o r r e s p o n d ,  to  a la r g e  e x t e n t ,  
to  th o se  o f  o t h e r  i n v e s t i g a t o r s .  The h ig h e s t  f i g u r e  
r e c o r d e d  was 6 .9 4  mg. p e r 100 c . c .  o f  th e  w ho le b lo o d .
I n  a l l  th e  c a s e s  t h e r e  was a te n d e n c y  f o r  th e  f r e e  p h o s­
p h o ru s  o f  b lo o d  to  r i s e  above th e  n o rm a l a v e ra g e  d u r in g  
th e  d is e a s e  e x c e p t  i n  one c a s e ,  w h ic h  w as s u f f e r i n g  from
a c u t e /
2 7 .
(17)
T a b le  I V .
R e s u lts  o f  th e  Phosphorus Compounds o f  Blood in N e p h r it is .
Name, Age 11iole b :Lood Plasma Corpuscles Haerair— Ca. Blood
and Comb. Add. tocrit Serum N.P.N.
Diagnosis P.P. E.E.P - E.P. L.P. P.P. T.P. E.P. E.EP. E.P L.P. % .P E.P. L.P E.P T.P %mgm per 15RT c.c. ngm.pe X 10 7 c.c, " mg m.per lòò c.c. n©n. $ mg. fo
Average normal. 4-15 26.36 22.4 13.74 40.2 40.11 3-93 4-31 0- 3£Q 9.06 13 .12 4.63 23.26 67.2‘ 95-13 33*15 10.73





23.64 22.53 12.25 38.2 37-89 3-68 3-47 O.39 8.65 12. 12 3.2 23.29 90.4 116.89 24.6 - 84.4
Acute Ne­ 4.06 26.2 22.14 13.62 38.65 39.82 3*95 4-58 O.63 11.72 16.3 4.4 19.6 90.2 114* 2 24.0 - 34.0phritis, c 
Uraemia. 3*7 23.3 20.1 11.57 35.1 35-37 3-69 4.1 0.41 9-73 13. 88 4-74 17.1 81.4 102*24 24-3 '
3-H.J. 5.2 26.1 20.9 9*0 34-8 35-1 4-98 5*5 O.52 6.99 12. 5 5.87 15.1 83*7 104.67 24.5 9.04 39.1aet 5*yrs 3-74 21*73 17.99 12.62 34*26 34-35 3-77 4*03 0.26 9.12 13,3.5 3*7 20.0b 55.1 78.8 32-3 10-9Acute Ne­ 5.1 24.2 19.1 12.07 35-84 36.27 5-38 6.15 O.77 8.06 14.08 4.4 22.3 65*7 92.4 28.2 9*7*phritis,c 4.2 22.7 18.5 11.2 33-85 33-9 4.54 4*7 O.36 7*7 12. 4 3*9 18-7 57*4 80.0 31.8 9.563-83 23.5 19.67 12. q 35*9 36.4 3.89 4*2 0.31 8*5 12, 7 3 . 6s 22. 8 63.6 90.1 30.6 10.2
TABLE l v  ,  (continued).
ie, Age and 
dagnosis.
"  ............... ....... ’ ' ‘ ' '  -------------------W H O L E  B L O O D P L n S MA* C O R P U S C L E s
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>.D. act 8 yrs, 
.cute Nephritis.




26.3 21.34 13.18 40.79 40.1 4.73 4.99 0.26 9.16 14.15 5.33 20,0 57.0 82.33 37.1 9.26 -
28.6 21.4 13.9 40.87 40.5 5.0 5.4 0.4 1 0 .1 15.5 5.8 23.0 72.0 ]00.8 29.3 8.8 71.8
. .M.aet 12^  yrs, 
• cute Nephritis. 4.13 24.7 20.54 8.95 33.6 33.65 3.55 3.78 0,23 6.02 9.8 5.1 14.2
56.9 76.2 35.8 8.07 -
•V/, aet 12 years 
foronic Nephritis 4.5 27,21
22.71 10,3 37.23 37.51 4.28 4.64 0.36 10,05 14.69 4.9 10,7 63.8 79.4 35.2 9.86 mm
i.McB aet 11-g yrs. 
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a c u t e  n e p h r i t i s  w i t h  s y m p to m s o f  u r a e m i a ,  i n  w h i c h  t h e  
f r e e  p h o s p h o r u s  o f  b lo o d  f a i l e d  t o  r i s e  a b o v e  t h a t  o f  
t h e  n o r m a l  a v e r a g e  t h r o u g h o u t  t h e  d i s e a s e . A n a l y s i s  
o f  t h e  b l o o d  f o r  f r e e  p h o s p h o r u s  w a s  d o n e  o n  t h r e e  
d i f f e r e n t  o c c a s i o n s  d u r i n g  t h e  c o u r s e  o f  d i s e a s e ,  a n d  
o n c e  d u r i n g  t h e  c o n v a l e s c e n t  s t a g e ,  a n d  t h e  f r e e  p h o s ­
p h o r u s  o f  b lo o d  w a s  n e v e r  f o u n d  a b o v e  t h e  n o r m a l  a v e r a g e .
In  most of the instances where both the free phos­
phorus and the non-protein nitrogen of blood were e s t i­
mated at the same time i t  was found that the increase in  
free phosphorus and non-protein nitrogen rete ntion  co­
existed though not in v a ria b ly . There were instances 
where e ith e r the free phosphorus of blood or n o n -pro te in - 
nitrogen retention of blood was present alone. Thus 
case 2 suffering from an attack of acute n e p h ritis  with 
d e fin ite  symptoms of uraemia showed non-protein nitrogen 
retention  of 84.4 mg. per 100 c .c .  of blood whereas there 
was no increase in  the free phosphorus of blood recorded 
throughout the disease. S im ila rly  Case 3 , which was also 
su ffe rin g  from acute n e p h ritis , the state of a ffa irs  was 
noted to be the reverse of that in  case 2 : the free 
phosphorus of blood was above 5 mg. per cent, and the 
non-protein nitrogen retention  of blood was only 39.1 mg. 
per 100 c .c .  of blood.
The cause of these differences in  the degree of an 
increase in  the free phosphorus, and the non-protein nitrogen 
retention  of blood in  n e p h ritis  has not been explained
s a tis fa c to rily /
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s a tis fa c to r ily , and, in  a l l  p ro b a b ility , there is  more 
than one factor responsible.
(1) They may be the re s u lt not so much of variations 
in  excretion as of variations in  the d ie t , and in  the 
demand fo r phosphorus and nitrogen fo r anabolic purposes.
(2) There may be d iffe re n t mechanisms in  the kidney 
fo r the excretion of waste products, namely phosphates 
and urea, and these mechanisms may be, but need not be, 
impaired or damaged at the same time.
(3) Non-protein nitrogen retention in  the blood may be 
due to the damage of the kidney, and the rise  of the free 
phosphorus of blood may be due to the impairment of the 
re g u la tin g  mechanism fo r the synthesis of ester phosphorus
compounds Afti the blood.
(41)
De Wesselow (1923) pointed out that inorganic phosphate 
retention was apparently more d e fin ite ly  connected w ith 
the symptoms of uraemia than was the non-protein nitrogen 
re te n tio n , but neither of our 2 cases of acute ne p h ritis  
w ith  symptoms of uraemia would lend much support to his 
statement. Thus case 1 was admitted w ith  marked symptoms 
of uraemia follow ing acute n e p h rit is . Both the free 
phosphorus and non-protein nitrogen of blood were estimated 
at once, and i t  was found that there was neither an 
increase in  the free phosphorus nor non-protein nitrogen 
per 100 c .c .  of blood. The actual figures were 3.34 mg. 
of the free phosphorus, and 32.1 mg. of non-protein 
nitrogen/
30.
nitrogen per 100 e .c . of blood. But, however, on the 
th ird  day a fte r admission, while the symptoms of uraemia 
were s t i l l  as evident, the analysis of blood was repeated, 
and there was found a marked ris e  both in  the free phos­
phorus and non-protein nitrogen of the blood. The free 
phosphorus rose to 6.94 mg. and the non-protein nitrogen 
to 54.5 mg. per 100 c .c . of blood. This case apparently 
showed that the m anifestation of symptoms of uraemia 
could precede both the increase of the free phosphorus 
and of the non-protein nitrogen of the blood.
On the other hand, case 2 which was also suffering 
from acute n e p h ritis  w ith  d e fin ite  symptoms of uraemia 
showed no increase in  the free phosphorus of the blood 
whereas the non-protein -n itrogen was markedly increased.
In  fa c t , the free phosphorus of blood was 3.11 mg. per 
100 c .c .  of blood which is  even below that of the normal 
average. The non-protein -nitrogen was 88.4 mg. per 100 c . c .  
of blood.
De Wesselow also suggested that the phosphatic reten­
tio n  involved certain  deleterious resu lts  which our
findings in  the cases 1 and 2 did not seem to support.
(48)
Greenwald (1918) studied the supposed toad, c ity  of sodium 
phosphate, and he concluded that there was no evidence of 
d ire c t toxic  action of the phosphate ions.
In  the series of 5 cases suffering  from acute n e p h ritis  
in  which the analysis of blood fo r the phosphorus compounds 
was/
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was performed on more than one occasion during the 
disease i t  is  of in tere st to note that in  4 cases out 
of 5 the free phosphorus of the hlood was highest during 
the most acute stage of the disease, and as the condition 
improved th is  increase in  the free phosphorus of blood 
showed tendency to taper o ff  (Chart I ) . In  the other 
case (N o  .2) there was no increase in  the free phosphorus 
of the blood above the normal average, but s t i l l  there 
was a s lig h t va ria tio n  in  the amount at d iffe re n t stages 
of the examination.
The free phosphorus curve could be f a ir ly  w e ll 
correlated w ith  the c lin ic a l  condition, but the free 
phosphorus of blood took a longer time to come down to 
the normal le v e l than the c lin ic a l signs and symptoms, fo r 
at the time of dismissal when the patients were cured 
c l in ic a l ly  the free phosphorus of the blood was s t i l l  
s l ig h t ly  above the normal. At some in te rva l a fte r 
d ism issal, when the estimations were repeated, the free 
phosphorus le v e l was found to be w ith in  the lim its  of 
n o rm a lity .
Another minor observation noted was that there was 
not only a re la tiv e  disturbance of the free phosphorus of 
whole blood, plasma, and corpuscles in  n e p h ritis , but also 
a general one. In  the normal children the free phosphorus 
In  milligrammes per 100 c . c .  of whole blood, plasma, and 
corpuscles was in va ria b ly  highest in  the corpuscles, next 
in  the whole blood, and lowest in  the plasma, whereas in  
the/
\
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the nephritic children this order was often found 
disturbed.
Ester Phosphorus.
- c Oq -
Whole Blood: The average ester phosphorus of 19
different samples of the whole blood in nephritis was 
found to be slightly diminished in amount. This dimin­
ution amounted to 8 .6 per cent.
In all the 5 cases of acute nephritis in which the 
blood was analysed on more than one occasion during the 
course of the disease the ester phosphorus was found 
diminished in quantity. In 3 of the 5 cases the ester 
phosphorus showed a tendency to fall towards the termin­
ation of disease. Thus* in case 1 the ester phosphorus 
was recorded to the amount of 22.53 mg. per 100 c.c. of 
the whole blood at the commencement of the disease, and 
during the disease It fell to 19.76 mg. per 100 c.c. of 
the whole blood - a drop of about 15 per cent. In case 
2 and 3 there was registered a decrease in amount of the 
ester phosphorus of 10.7 and 14 per cent respectively. In 
the other 2 cases (4 and 5) while the ester phosphorus of 
the whole blood remained below the normal average there 
was recorded an actual increase of 3 and 9.5 per cent in 
the amount during the course of the disease.
Plasma: The average ester phosphorus of 19 different
specimens of the plasma in nephritis was found to be 
increased/
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increased in amount toy 39.5 per cent. The actual 
average amount of the eater phosphorus was found to 
be 0.53 perl@0 c.c. of the plasma. Our finding agrees 
with that of Byrom and Kay who gave an average value of 
0.5 mg. of ester phosphorus per 100 c.c. of the plasma 
in nephritis.
In 4 out of 5 individual cases, in which the ester 
phosphorus of plasma was done several times during the 
disease, an increase in the amount of ester phosphorus 
per 100 c.c. of the plasma was found. Thus, in case 1 
the ester phosphorus was found to be 2.17 mg. per 100 c.c. 
of the plasma at th© commencement of the disease. This 
is actually an increase of more than 5 times that of the 
normal average. The amount of ester phosphorus of plasma 
gradually fell towards the recovery of the patient. In 
case 2 the ester phosphorus fluctuated in amount between 
0.39 and 0.63 mg. per 100 c.c« of plasma during the disease. 
In case 3 the ester phosphorus oscillated in amount between
0.26 and 0.77 mg. per 100 c.c. of plasma during the disease.
Red Blood Corpuscles: The average ester phosphorus 
or what Byrom and Kay termed the M phosphorus index” was 
calculated from the results obtained for the whole blood 
and the plasma of 19 different specimens of blood in 
nephritis, and it was found to be 67.51 mg. per 100 c.c. 
of the red blood corpuscles. This was only about 0.4 
per cent higher than that given for the normal average in
children/
children* but the vacillation in the amount wa3 found 
to b® greater in the case of nephritis than in the 
normal. This figure of the average eater phosphorus 
of the red blood corpuscles in nephritis would negative 
any suggestion that there was an accumulation in the 
amount of the ester phosphorus in the red blood corpuscles 
during the disease* but in 4 out of 5 cases, in which the 
blood analysis was done on several occasions during the 
disease, the ester phosphorus of the red blood corpuscles 
was found to be greater in amount at the onset of the 
disease than the normal average. In these 4 cases the 
earliest estimations of the blood for phosphorus compounds 
yielded figures of 72.7, 90.4, 83.7, and 74.0 mg. of the 
ester phosphorus per 100 c.e. of red blood corpuscles 
respectively. During the course of nephritis the ester 
phosphorus or the so-called '’phosphorus index” of the red 
blood corpuscles fluctuated in the same patient, and with 
complete recovery approached the level of normality. For 
instance, in case 1, in which 5 different estimations of 
the blood were carried out during the disease, the ester 
phosphorus varied in amount from 56.3 to 72.7 mg. per 100 c 
of red blood corpuscles being 61.8 mg. per cent a few 
months after complete recovery. Case 3 showed a varia­
tion between 55.1 and 83.7 mg. of ester phosphorus per 
100 c.c. of the red blood corpuscles, and one month after 
recovery the ester phosphorus was 63.6 mg. per cant, which 
is within the limits of normality. Ohis incon3&t^ncy
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of the ester phosphorus or the so-called ”phosphorus 
index” supported the findings of Byrom and Kay.
Our findings in the individual cases forcibly 
suggested that the ”regulating mechanism” of the ester 
phosphorus in the red blood corpuscles in nephritis was 
altered, for at certain stages of the disease the red 
blood corpuscles seemed to be called upon to accommodate 
a greater amount of the ester phosphorus per unit cell, 




Whole Blood: The average lipin phosphorus of 19 
different specimens of whole blood in nephritis was found 
to b® 12,22 mg. per cent. It was 11 per cent below that 
of the normal average.
In 5 eases in which the lipin phosphorus was deter­
mined on several occasions during the disease, it was 
found to be diminished in the amount at the commencement 
of the disease. During the disease it showed a tendency 
to rise appreciably in amount; in the last stage of the 
disease it fell again; and at the end of complete recovery 
regained the limits of normality. Thus in case 1 the 
lipin phosphorus was foxmd to be 12.82 mg. per 100 c.c. 
of the whole blood at the onset, and then during the 
disease it rose gradually to 14.1 mg. per c.c. of whole
'blood/
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blood. Afterwards it fell to 10.88 mg. and on complete 
recovery it rose again to 13*8 per 100 c.c. of the 
whole blood. The lipin phosphorus of whole blood of 
all the other cases showed a similar tendency which can 
b© seen in Chart II. ahd II.A.
Plasma: The average lipin phosphorus obtained from 
the results of 19 different estimations of the blood 
plasma in nephritis was 8.77 mg. per 100 c.c. of the 
plasma, i.e. it was 3 per cent below the normal average.
In the individual cases the lipin phosphorus of 
plasma showed a tendency to fluctuate, and in 2 out of 5 
eases it was found to be very low in amount per 100 c.c. 
of the plasma at the commencement of the disease. Thus 
in Case l a variation from 5.1 to 10.2 mg. of the lipin 
phosphorus per 100 c.c* of plasma was revealed during 
the course of the disease. In case 2 it varied from 8.55 
to 11.72 mg. per 100 e.e. of plasma, and in case 3 from 
6.99 to 9.12 mg. per 100 e.c. of the plasma. Chart III.
Red Blood Corpuscles: The average of lipin phosphorus 
as calculated from 19 complete estimations of blood in 
nephritis was found to be 20.3 mg. per 100 c.c. of the 
red blood corpuscles. This amount was 12.7 per cent 
below the normal average. The fluctuation of the lipin 
phosphorus of the red blood corpuscles in nephritic 
children was much greater than that of the normal children.
In the individual cases the fluctuation of the lipin
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was very marked. Thus cas8 1 showed a variation in 
amount from 15.0 to 31.7 mg. of the 11pin phosphorus per 
100 c.c. at different stages of the disease. Case 3 
gave a variation from 15.1 to 22.8 mg. per 100 c.c. of 
the red blood corpuscles, chart III.
Our results for the llpin phosphorus of blood in 
the cases of acute nephritis fell partially into line 
with those published by Byrom and Kay. They found that 
the alcohol-other soluble phosphorus of the whole blood 
was, on the average, slightly diminished in amount in 
acute, slightly increased In subacute, and almost normal 
in chronic nephritis. On the other hand, they found that, 
in the majority of cases, the alcohol-other soluble phos­
phorus of the plasma was above the normal, while the llpin 
phosphorus of the red blood corpuscles remained constant 
and very nearly normal.
It might be of some importance to point out that our 
findings in the 5 cases, suffering from acute nephritis, 
which were studied throughout the whole course of the 
disease, strongly suggested the existence of an inter­
relation between the lipin and ester phosphorus of the red 
blood corpuscles. Thus any increase or decrease in the 
amount of either the lipin or ester phosphorus tended to 
run parallel i.e. to take place in both of them at the 
same time, which can be seen in Chart IV. Whenever there 
happened to be either a rise or fall in the ester phosphorus 
of red blood corpuscles a similar change was registered 
in/
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Whole Blood: The average total phosphorus content of 
19 estimations in nephritis was found to be 37.75 mg. per 
100 c.c* of the whole blood. This amount is 5.3 per 
cent below the normal average.
The total phosphorus content of the whole blood in 
individual cases studied at different stages of the 
disease showed a tendency to vary. Thus in case 1 it 
varied from 35.12 to 40.5 mg. per cent. The total 
phosphorus content of the whole blood depended for its 
amount on (a) the relative proportion between the red blood 
corpuscles and the plasma, (b) the total phosphorus content 
of the plasma portion, and (e) the total content of the 
red blood corpuscles portion.
Plasma: The average total phosphorus content of 19 
estimations in nephritis was found to be 13.89 mg. per 
100 c.e. of the plasma. This amount is 5.3 per cent above 
the normal average.
In the individual cases of acute nephritis studied at 
different stages of the disease the total phosphorus content 
of plasma was found to vary considerably in amount. It 
was lowest at the commencement of the disease, then rose 
appreciably during the disease and returned to the limits
of/
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of normality when recovery was complete. These changes 
were especially marked in cases 1 and 2 .
Red Blood Corpuscles; The average total phosphorus 
content of 19 estimations of blood in nephritis was 
calculated to be 92.8 mg. per 100 c.c. of the red blood 
corpuscles, which is 2.4 per cent below the normal average.
In the individual cases of acute nephritis in which 
several observations were made on different occasions 
during the disease, the total phosphorus content was 
found very much increased in amount per 100 c.c. of the 
red blood cells. Thus in cases 1, 2, 3, and 4 it was 
found to be 108.2, 116.89, 104.67, and 104.12 mg. per 
100 c.c. of the red blood corpuscles respectively. During 
the disease it decreased in amount with marked fluctuation. 
As the recovery set in the total phosphorus content of 




The average percentage of the red blood corpuscles 
of 19 observations in nephritis was found to be 30.7 c.c. 
per 100 c.c. of whole blood. It was 7.3 per cent below
the normal average.
In 4 of the 5 cases in which several observations 





Marriott and Howland (1916) reported a marked
reduction of calcium in the blood serum in nephritis. They
found in one case only 1*5 mg. of the calcium per 100 c.c.
of serum. They assigned this low calcium to the excess
of the inorganic phosphates in the serum. Halversan,
(49)
Mahler* and Berghein (1917) also found low calcium values
in the specimens of nephritic serum. Their lowest value
was 6.8 mg. of calcium per 100 c.c. of the serum. De
(41)
Wesselow (1922-23) found that in the acute nephritis the
reduction of the calcium content below 9 mg. per 100 c.c.
of serum was not uncommon. In 11 out of 142 observations
the calcium content was below 7.0 mg. per 100 c.c. of the
serum* and the lowest figure recorded was 5.1 mg. per 100 c.c.
Denis and Hobson reported a reduction in the calcium content
(50)
of serum in 5 out of 22 cases examined. Briggs (1923)
also reported low calcium values for nephritis. Schmitz,
(51)
Rohdenburg* and Myers (1926) studied the inorganic 
phosphate and the calcium content of blood serum in 
nephritis, and they found that a relatively high percentage 
of cases of chronic interstitial nephritis with muscular 
twitchings or convulsions showed values for calcium of the 
blood serum below 7.0 mg* per cent.
We made 20 observations on the calcium content of 
the blood serum in the cases of nephritis studied and we 
found/
Calcium o f  the Blood Serum In  N e p h r i t i s »
4 1 .
found a slight tendency for the calcium content to 
decrease in amount per 100 c.c. of the blood serum, the 
lowest value recorded being 8.07 per 100 c.c. of serum.
In the individual case studied in which the calcium
content of the blood serum was estimated on several
occasions during the disease we failed to find any
relationship between the free phosphorus and calcium(52)
content. Binger (19X7-18) found that injections of the 
phosphoric acids and its salts in the dog produced a fall
in the calcium content to a level of 6.0 mg. per 100 c.c.
(55)
of the serum. Tisdall (1922) observed a similar dimin­
ution of the calcium content in serum as the result of the 
Injection of sodium phosphate and phosphoric acid. But 
neither of them assigned this reduction in the calcium 
to the accumulation of the inorganic phosphates in the 
serum.
On the other hand, our results showed some evidence 
in support of a relationship existing between the lipin 
phosphorus content of the plasma and the calcium content 
of the serum, which can be seen in Chart V. This inter­
relation was evident in the different cases and more so 
in the individual ones in which both the lipin phosphorus 
content, and the calcium content were done simultaneously 
on more than one occasion during the disease. The lipin 
phosphorus content of plasma, and the calcium content of 
serum either Increase or decrease together and proport­
ionately, i.e. the smaller the amount of the lipin 
phosphorus/
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phosphorus the smaller was the amount of calcium per 100 c.c.
of the plasma or serum and vice versa. The ratio however
appeared to be different for each Individual case. See
Charts . Chart VI•
Summary and Conclusions.
~oQo-
1» The free phosphorus of blood in nephritis tended to rise 
above the normal level during the disease, and returned 
to the normal limits on recovery. The proportional 
relationship between the free phosphorus of plasma and 
that of the red blood corpuscles was occasionally 
disturbed during the disease.
2. There was no evidence that the rise in the free phos­
phorus was directly connected with and partly respon­
sible for the symptoms of uraemia.
3. The increase in Hie free phosphorus and the non-protein 
nitrogen of the blood occurred simultaneously but not 
invariably so.
4. The ester phosphorus of the whole blood showed a tendency 
to decrease in the amount per 100 c.c.
5. The ester phosphorus of the plasma showed a tendency to 
increase markedly in the amount per cent.
6. The ester phosphorus of the red blood corpuscles or the 
so-called "phosphorus index" of the blood in nephritis
showed much greater variation than in the normal. It
was very high at the commencement of the disease.
43,
7» The lipin phosphorus of the whole "blood# and the- 
plasma showed an appreciable variation in amount 
during the disease,
8 » The lipln phosphorus of the red blood corpuscles 
underwent a marked fluctuation during the disease*
9» There was evidence of a relationship between the
lipin phosphorus and the ester phosphorus of the red 
blood corpuscles* Both of them showed a tendency 
either to increase or decrease in the amount at the 
same time»
XcA *j -yi.10» There was a slight tendency for the claeium content 
of the blood serum to be diminished.
11» There was evidence of definite relationship between 
the lipin phosphorus of the plasma and the calcium 
content of the serum in nephritis.
44.
Distribution of Phosphorus Compounds of the Blood 
In Diabetes Mellltua.
-uOo-
Diabetes Mellitus being a metabolic disease - prim­
arily of the carbohydrate metabolism - it was considered 
opportune to undertake the study of the partition of the 
phosphorus compounds of the blood in children suffering 
from that pathological condition.
Evidence has been forthcoming gradually to suggest 
that the organic and inorganic compounds of the phosphorus 
of the blood were intimately concerned in the normal meta­
bolism of the carbohydrates. $or instance, it is well 
known that the concentration of the inorganic phosphate 
shows a tendency to fall noticeably after a meal, and to
remain below the fasting level for a few hours. Further,
(54)
Wigglesworth, Woodrow, Smith, and Winter (1925) showed that
the injection of insulin into a rabbit caused a rapid fall
in the inorganic phosphate per 100 c.c. of the blood.
(55)
Bollinger and Hartman (1925) found that this fall in the 
inorganic phosphate was accompanied by a parallel dimin­
ution in the excretion of the inorganic phosphate in the 
urine. (56)
Harrop and Benedict (1924) studied the distribution 
of the inorganic phosphate in the body after the adminis­
tration of insulin and glucose, and they found a decrease 
in amount of the inorganic phosphate per 100 c.c. of 
blood, and an increase in the muscle. At the same time 
they/
4 5 .
they found, a diminished excretion of the inorganic phos­
phate in the urine.
(57)
Friedlander and Rosenthael(1926) published some 
interesting results in connection with diabetes mellitus. 
They injected alkaline sodium phosphate intravenously both 
in the diabetic and normal subjects, and they noticed a 
fall in the glucose concentration of the blood lasting for 
several hours in the diabetics, whereas in the normal 
control subjects no change was recorded. They were led 
to infer from these observations that, as the respiratory 
quotient remained unaltered, synthesis of the inorganic 
phosphate and glucose to the hexose-phosphate had occurred 
somewhere in the body.
Authorg s Results .
-o0o*=
Owing to this condition being comparatively rare in 
early life only 4 children suffering from diabetes mellitus 
were available for this purpose, and in 3 of them it was 
attempted to make several independent estimations of the 
phosphorus compounds of blood during their sojourn in the 
hospital. The distribution of the phosphorus compounds 
of blood is given in Table V.
Free Phosphorus.
-oOo-
Whole Blood: The average free phosphorus of 11 esti­
mations in 4 cases of diabetes mellitus was found to be 
3.54/
TABLE y - Rasulta , of the Fnosphorus Compounds in 
 __ Diabete Mellitus« ___ ________
AME, AGE & 
DIAGNOSIS




SerumF.P. F.E.P. E.P. L.P.
C ortíb. T.P. Add.'T.P. E.P. F.E.P, E.P. L.P. T.P. F.P. L.P. E.P. T.P.










































































































































































































3.54 23.4-6 19.92 8.4 32.05 31.86 3.48 3.98 0.5 5,86 9.85 3.65 12.5 51.8 67.95 37,8 .0,47
P.P. - Free Phosphorus; F.E.P. - Free plus Este Phosphorus; P.P. - Lipin Phosphorus; P.P. Phosphor s.
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3 #54 mg# p e r  100 e .c#  o f  the w h o le  "blood# T h is  amount 
was ab out 15 p e r c e n t  below  th e  n o rm a l a v e ra g e . O n ly  
i n  2 o u t o f  11 o b s e r v a t io n s  th e  f r e e  p h o sp h o ru s o f  th e  
w h o le  b lo o d  re a c h e d  th e n o rm a l l e v e l ,  b u t ,  h o w e ver, b o th  
o f  th e se  o b s e r v a t io n s  w ere made on the same p a t ie n t s ,  
and t h a t  d u r in g  th e  l a t t e r  p a r t  o f  the d is e a s e ,  i . e .  when 
th e  c o n d it io n  was c o m p a r a t iv e ly  w e l l  u n d e r  th e d ie t a r y  and 
i n s u l i n  c o n t r o l .
I n  2 o u t o f  3 c a s e s  i n  w h ic h  e s t im a t io n  o f  th e phos­
p h o ru s compounds o f  b lo o d  w ere c a r r i e d  o u t on more th a n  
one o c c a s io n  i n  e a c h  i n d i v i d u a l  ca se  d u r in g  t h e i r  tre a tm e n t  
i n  th e h o s p i t a l ,  t h e r e  was n o t ic e d  a te n d e n cy  f o r  th e  
in o r g a n ic  p h o sp h o ru s to  in c r e a s e  i n  amount p e r 100 c . c .  o f  
th e  w hole b lo o d  as th e  m e t a b o lic  d is t u r b a n c e  o f  th e  c a rb o ­
h y d r a t e s  was r ig h t e d  by means o f  c a r e f u l  d ie t in g  and  
i n s u l i n  t h e r a p y . T h is  r i s e  was g r a d u a l,  i n  one c a se  j u s t  
r e a c h in g  th e  n o rm al l e v e l ,  and i n  th e o t h e r  f a l l i n g  s h o r t  
o f  it #
T h is  d im in u t io n  o f  the f r e e  p h o sp h o ru s was d i f f i c u l t  
to  e x p l a i n ,  b u t i t  m ig h t be due to  p o ly u r ia  acco m p a n yin g  
th e  c o n d it io n  o f  d ia b e t e s  m e l l i t u s ,  d u r in g  w h ich  a r e l a t i v e l y  
g r e a t e r  amount o f  th e  f r e e  p h o sp h o ru s was e x c r e t e d  a s  
w a ste  p r o d u c t .
Our f in d in g s  o f  a d i s t i n c t  f a l l  i n  th e  f r e e  p h o sp h o ru s
o f  th e w h o le  b lo o d  i n  d ia b e t e s  m e l l i t u s  d id  n o t a g re e  w it h
(5 8 )
th o s e  o f  Byrom ( 1 9 2 9 ),  who r e p o r t e d  t h a t  th e re  was no 
change i n  the c o n c e n t r a t io n  o f  the f r e e  p h o sp h o ru s o f  the  
bloo^/
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blood in diabetic adults until coma supervened when the 
level of concentration rose considerably.
Plasma: In 9 out of 11 estimations the free phos­
phorus of the plasma was found appreciably lower in 
amount per 100 c.c. than that of the normal average in 
children. In the other 2 cases, however, it was found 
to be just slightly above the normal average. See Chart VII.
The average free phosphorus of 11 estimations of 
plasma in 4 diabetic children was found to be 2.3 per cent 
higher than the average free phosphorus of whole blood.
This in itself was not much of a difference, but it gains 
substantially in significance when it is remembered that 
the average free phosphorus of the whole blood is 5.6 per 
cent greater than the average free phosphorus of the plasma 
in the normal child.
Red Blood Corpuscles: The average free phosphorus of 
11 estimations of blood in 4 diabetic children was calcu­
lated to be 3.44 mg. per 100 c.c. of the red blood corpus­
cles. This is 25.7 per cent below the normal average in 
children. The free phosphorus of the red blood corpuscles 
evidently suffered most marked change of them all. The 
lowest observation encountered was only 1*9 mg. of the 
free phosphorus per 100 c.c. of the red blood corpusc3.es.
This poverty of the red blood corpuscles in the free 
phosphorus in diabetic children was very striking, because 
not only did it exist in comparison to that of the 
corpuscles in the normal children, but it also existed 
in/
c J U u -t  \/n_
3 hCH 'f&4*-~O-y-u<̂0 &&£>-?.T-&(~ ¿"M, C
48.
in relation to the amount of the free phosphorus per 
cent both of the whole blood and the plasma in diabetic 
children. Thus in the normal children the red blood 
corpuscles were richest in the free phosphorus, next 
came the whole blood, and the plasma was poorest. In 
the blood of these 4 diabetic patients the order waa 
exactly reversed, the plasma was richest, and the red 
blood corpuscles poorest in the free phosphorus per cent. 
The free phosphorus of plasma in diabetic children was
5.2 per cent greater in the amount than that of the red 
blood corpuscles per cent, whereas the free phosphorus of 
the corpuscles in normal children was found to be 17.8 
per cent greater in the amount than that of the plasma.
In other words, the free phosphorus of the red blood 
corpuscles in diabetic children was very much lower than 




Whole Blood? The average ester phosphorus of blood 
of 11 estimations in 4 diabetic children was found to be
2 1 .3  mg. per 100 c.c. of the whole blood, which is about 
5 per cent below the normal average. In 3 cases in which 
blood analysis was performed on several occasions in each 
individual case during the treatment, the ester phosphorus 
showed a tendency to decrease in amount per 100 c.c. of
the/
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th e  w h o le  b lo o d . Thus i n  c a s e s  1 ,  2 ,  and 3  i t  d ro p p ed  
fro m  2 1 , 4  to  1 8 .7 ;  2 0 .2  to  1 8 . 1 3 ;  and 2 5 . 2 2  to  1 9 .9 5  mg. 
p e r  100 c . c .  o f  the w hole b lo o d  r e s p e c t i v e l y .
P la s m a : The a v e ra g e  e s t e r  p h o sp h o ru s o f  th e  p lasm a
i n  11 e s t im a t io n s  was fo u n d  to  be w it h in  th e l i m i t s  o f  
n o r m a lit y .  I n  th e i n d i v i d u a l  c a s e s  i t  showed a te n d e n cy  
to  f l u c t u a t e  a p p r e c ia b ly .  See C h a rt V I I I .
R ed B lo o d  C o r p u s c le s : The a v e ra g e  e s t e r  p h o sp h o ru s  
o f  th e r e d  b lo o d  c o r p u s c le s  o r  th e  s o - c a l l e d  "p h o sp h o ru s  
in d e x "  o f  th e  b lo o d  i n  11 o b s e r v a t io n s  was 6 1 .3  mg. p e r
c e n t .  T h is  i s  8 .8  p e r  c e n t b elo w  th e  n o rm a l a v e r a g e .
(58)
Byrom (1 9 2 9 ) fo u n d  a  d e f i n i t e  f a l l  i n  th e  e s t e r  p h o sp h o ru s  
p e r  100 c . c .  o f  th e r e d  b lo o d  c o r p u s c le s :  i n  d ia b e t i c  
p a t ie n t s  an d  i n  d ia b e t i c  coma to  l e s s  th a n  h a l f  o f  the  
n o rm a l. E ve n  though o u r d ia b e t i c  p a t ie n t s  w ere n o t  
s e v e r e  exam p les th e y  su p p o rte d  h i s  c o n t e n t io n .  See C h a rt  
V I I I .
T h is  d im in u t io n  i n  the e s t e r  p h o sp h o ru s o f  the  
c o r p u s c le s  i n  the p a t ie n t s  s u f f e r i n g  from  d ia b e t e s  m e l l i t u s  
h a s  n o t y e t  been e x p la in e d  s a t i s f a c t o r i l y .  I t  m ig h t be 
due to  v a r io u s  c a u s e s ;  and i t  x s more p ro b a b le  th a n  n o t  
t h a t  more th an  one ca u se  i s  r e s p o n s ib le  f o r  the p r o c e s s :
(1 )  I t  may be a c c o u n te d  f o r  by p o ly u r ia  o f  d ia b e t e s  
m e l l i t u s 9 w here i t  i s  p o s s ib le  t h a t  an e x c e s s iv e  amount 
o f  the f r e e  phosphate i s  e x c r e t e d  by th e  k id n e y  a s  w aste  
p ro d u c t»  th e  e s t e r  p h osph orus o f  the r e d  b lo o d  c o r p u s c le s  
b e in g /'
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b e in g  th e n  drawn upon by th e  p r o c e s s  o f  h y d r o ly s i s  to  m eet 
th e  e x i s t i n g  d e f i c i t .  T h is  th e o ry  i s  w e l l  s u p p o rte d  by 
th e  f i g u r e s  c o l l e c t e d  i n  t h i s  l a b o r a t o r y ,  b u t n o t  y e t  
p u b l is h e d .  B i t ,  h o w ever, i n  th e  d i a b e t i c  coma t h e r e  i s  
o f t e n  s c a n t y  s e c r e t io n  o f  the u r in e  o r  even a n u r ia ,  and  
y e t  Byrom r e p o r t e d  v e ry  low f i g u r e s  f o r  th e e s t e r  p h o s­
p h o ru s i n  th e r e d  b lo o d  c o r p u s c le s .  F u rt h e rm o re ,  Byrom
(4 3 )
and Kay (1 9 2 7 ) fo u n d  t h a t  i n  th e p o ly u r i a  o f  c h r o n ic  
n e p h r i t i c  and d ia b e t e s  i n s i p i d u s  th e e s t e r  p h o sp h o ru s o f  
th e  r e d  b lo o d  c o r p u s c le s  was a c t u a l l y  in c r e a s e d  i n  amount 
p e r  c e n t .
(5 9 )
(2 ) A c id o s is  may be th e r e s p o n s ib le  c a u s e . Kay (1 9 2 4 )  
r e c o rd e d  a f a l l  i n  the e s t e r  p h o sp h o ru s c o n te n t o f  the  
r e d  b lo o d  c o r p u s c le s  i n  th e s e v e re  a c i d o s i s  p ro d u c e d  i n
a n o rm a l s u b je c t  by in g e s t io n  o f  ammonium c h l o r i d e .
(60)
M a rt la n d  (1 9 2 5 ) fo u n d  th a t  lo w e r in g  o f  tiie pH o f  b lo o d  
ten d ed  to  in c r e a s e  the h y d r o ly s is  o f  th e  e s t e r  p h o sp h o ru s  
w h ile  an in c r e a s e  o f  the pH fa v o u r e d  s y n t h e s is .  Our 4 
p a t ie n t s ,  r e p o r t e d  i n  t h is  co m m u n ica tio n , do n o t  le n d  any  
s u p p o rt  to  t h is  t h e o r y ,  f o r  t h e r e  was a com plete l a c k  o f  
e v id e n c e  o f  c l i n i c a l  a c i d o s is  i n  a l l  o f  them w h ile  th e y
w e re  u n d e r  o b s e r v a t io n .
(3 ) I n s u l i n  may be the e s s e n t i a l  f a c t o r  f o r  th e  s y n t h e s is  
o f  th e e s t e r  pho sp ho ru s o f  th e  r e d  b lo o d  c o r p u s c le s  from  
th e f r e e  pho sp h o ru s o f  the p la sm a . Our r e s u l t s ,  h o w e v er,  
do n o t  s u p p o rt  t h i s  th e o ry , b e ca u se  i n  no c a s e  was th e re  
r e c o r d e d  any in c r e a s e  i n  amount o f  the e s t e r  p h o sp h o ru s
o f /
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of the red blood corpuscles. On the contrary, case 3, 
which was incidentally the most marked diabetic of them 
all, requiring from 50 -60 units of insulin in 24 hours, 
showed a distinct fall in the ester phosphorus content 
of the red blood corpuscles as the condition was put under 
the control by the J/'djet and insulin.
Whole Blood: The average lipin phosphorus of 11
observations in 4 diabetic patients was 11.5 mg. per 100 c.c. 
of the whole blood, i.e. about 15 per cent below the normal 
average. This decrease in amount of the lipin phosphorus 
of the whole blood was striking especially as case 2 had 
lipaemia on every occasion the blood was submitted to 
analysis. In the 3 cases in which several observations 
were made during the treatment the lipin phosphorus of the 
whole blood returned to within the limits of normality as 
their condition was controlled by the diet and insulin 
therapy.
Plasma: The average lipin phosphorus of t
normal average. This increase in the average lipin 
phosphorus of the plasma was entirely due to lipaemia being 
present in one patient whose blood was examined on 3 
different occasions, and each time yielded very high values 
for the lipin phosphorus of the plasma. If the values of 
the blood of this ease were excluded the lipin phosphorus
Id pin Phosphorus 
-oOo-
in 4 eases of diabetes mellitus was 7 per cent
o f /
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of the plasma for the other 3 cases would be just a little 
below the normal average. See Chart IX.
Red Blood Corpuscles; The average lipin phosphorus 
of the red blood corpuscles was 14.93 mg. per cent for the 
11 estimations in 4 diabetic patients. This amount is 
actually 35.8 per cent below the normal average. The 
lowest value recorded was 7.35 mg. per 100 c.c. of the
red blood corpuscles. See chart IX.
(61)
Bloor (1916) found that the lipoids of the blood in 
severe diabetes were markedly increased, up to 100 per cent 
or even more of the normal value. In the cases of mild 
diabetes mellltus he found the lipoids to be normal. His 
findings were confirmed later by Byrom. Our results not 
only failed to confirm their findings, but they 3howed a 
very marked poverty of the red blood corpuscles in the IIpin 
phosphorus. The fact that in 3 out of 4 patients the 
diabetic state was very mild only emphasizes this difference.
Now, taking the individual cases separately, it was 
noticeable that in each one there was a tendency for the 
lipin phosphorus of the red blood corpuscles to augment 
in the amount as the condition was put under the control 
of insulin, but only in one of them did the content reach 
the normal level. See Chart IX.
T o t a l P h o sp h o ru s.
-oOO”
W hole B lood#  The ave rag e  t o t a l  p h o sp h o ru s c o n t e n t  o f
11 determinations in 4 diabetic patients was found to be 
3 6.34/
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36»34 mg* per 100 e.c. of th© whole blood, and this is 
9.3 per cent below the normal average. In the individ­
ual cases studied on different occasions there was an 
appreciable variation in amount of the total phosphorus 
content. Thus, in case 3 the blood was analysed 4 times, 
and the total phosphorus content of the whole blood was 
found to vary between 34.28 to 41.6 mg. per 100 c.c.
Plasma: The average total phosphorus content of the 
plasma estimated 11 times in 4 cases was found to be 
slightly above the normal average, and this was accounted 
for by the fact that there was lipaemia in one of the 
cases throughout.
Red Blood Corpuscles: The average total phosphorus
content of the red blood corpuscles in 4 diabetic cases 
was found to b© 79.67 mg. per 100 c.c. This value is
16.2 p©r cent below the normal average for children. Only 
in one Instance was it found to touch the normal level.
Haematoerlt Finding.
-oOo-
The average value for the cellular portion of blood 
in 4 diabetic children was found to be 34.4 c.c. per 100 c.c. 
of the whole blood, which is 3.7 per cent above the normal 
average for children. In the individual cases the values 
for cellular portions per 100 e.c. of the whole blood were 
constantly within the normal limits.
Calciurc/
54.
The calcium content of the serum was determined 
independently on 11 different occasions in 4 diabetic 
eases, and the values were found to vary within the limits 
of normality. The lowest figure recorded was 9.1 mg. 
per 100 c.c. of the blood serum, and the highest was 
12»,3 mg. per 100 c.c. of the blood serum.
Summary and Conclusions.
-oOo-
1. (a) Free phosphorus of the whole blood shows a tendency 
to be diminished in amount per 100 c.c#
(b) Free phosphorus of the plasma was also diminished, 
but showed a tendency to be greater in amount than that 
of the whole blood.
(c) Free phosphorus of the corpuscles was markedly 
diminished per 100 c.c.
(d) The normal relationship between the free phosphorus 
of the whole blood, plasma and corpuscles was upset.
(e) Free phosphorus of the blood showed a tendency to 
rise as the condition improved.
2 . Ester phosphorus of the corpuscles showed a tendency to 
decrease in amount per cent in diabetes mellitus.
3. Lipin phosphorus of the plasma was not much altered.
Lipin phosphorus of the red blood corpuscles was markedly 
diminished in amount. During the treatment it showed a
tendency to rise gradually.
Calcium Content o f  the Blood Semin.
“ O 0Q “
4/
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4 .  T o t a l  p h o sp h o ru s co n te n t o f  the w h o le  "blood was 
d im in is h e d .  T o t a l p h o sp h o ru s o f  th e  plasm a was w it h in  
th e  l i m i t s  o f  n o r m a lit y .  T o t a l p h o sp h o ru s c o n te n t
o f  th e  c o r p u s c le s  wa3 d im in is h e d  i n  amoimt p e r  100 c . c .
5 .  C a lc iu m  c o n te n t o f  the b lo o d  serum  was fo u n d  to  be 
w it h i n  the l i m i t s  o f  n o r m a lit y .
5 6.
Distribution of the Phosphorus Compounds of Blood 
in Infantile Tetany.
-oOo-
Tii© pathological condition of infantile tetany has 
been recognized as a clinical entity for many years, and 
various theories as to its pathogenesis have been put 
forward. In turn, it has been suggested that it is due
(a) to disease of the parathyroid glands, (b) to the 
character of the food, (c) to intoxication by calcium,
(d) to intoxication by gaunidin or methylgaunidln, and
(e) to the lack of calcium, but the evidence at present
available fails to confirm any one of these theories.
(62)
Howland and Marriott (1918) appeared to be the first
workers to describe the characteristic blood chemistry in
infantile tetany. They showed that the calcium content
of the blood serum was greatly reduced in the active stage
of tetany, and that the inorganic phosphate of the blood
serum was not ”significantly increased” in the amount per(63)
cent. Kramer, Tisdali, and Howland (1921) reported on
the average normal values for the inorganic phosphate of
the serum in 7 cases of infantile tetany. Next, Hess,(64)
Colvin, Wang and Fletcher (1923) examined the inorganic 
phosphate, and the calcium content of the blood serum in 
16 eases of active tetany, and they reported that the 
calcium content of the serum was considerably reduced, 
but in no instance did they find the inorganic plosphate 
of the blood serum elevated above the normal level» Hoag 
(1923)/
(1923) in the course of his study on the use of ultra­
violet light in the treatment of tetany, analysed the 
blood serum for calcium and inorganic phosphate in 11 
cases two of which showed values for the inorganic
phosphate above the normal level. Scott and Usher(65)
(1926) analysed the blood serum of 21 infants with active
tetany for the inorganic phosphate, and they found high
(67)
figures only in 2 cases. Marples and Crump (1930) 
examined the blood serum for the Inorganic phosphate in 
a series of 80 cases of tetany, 20 of which (25$) showed 
an increase in amount of about 21 per cent in the 
inorganic phosphate of the blood serum. They failed to 
observe any clinical characteristics which might differ­
entiate the grorrp of cases with the high concentration of 
the inorganic phosphate o'f the blood serum from those with 
the normal or low inorganic phosphate values of the blood 
serum.
The inorganic phosphate has been reported to vary in 
infantile tetany, but there appears to be a great deal of 
confusion regarding the infantile tetany complicated with 
rickets, and the infantile tetany without rickets.
Author * s Results.
-cOo-
As it is well known that the phosphorus plays an 
important role in the process of ossification of the bones, 




about VlO part of the total phosphorus content of the 
blood this opportunity was taken to carry out complete 
analysis of the phosphorus compounds of the blood in 
5 eases of active tetany, and study their relative 
distribution between the plasma and red blood corpuscles. 
In so far as the author is aware no similar work has 
been published on the partition of all the phosphorus 
compounds of blood in infantile tetany. The results 
appear in Table VI.
Free Phosphorus.
-oOo-
Whole Blood; The average free phosphorus In 5 cases 
of active tetany was found to be 4,97 mg. per 100 c.c. of 
the whole blood. This xs about 20 per cent above the 
normal average for children. In 3 out of 5 cases (60$) 
the free phosphorus rose markedly above the normal level. 
In the other 2 the free phosphorus did not rise above the 
normal level.
Plasma: The free phosphorus values for the blood
plasma in 5 cases of tetany showed the same tendency as 
those for the whole blood*
Red Blood Corpuscles: The free phosphorus of the
red blood corpuscles preserved its proportionate values 
to those of the plasma and whole blood tetany.
Ester/
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T a b le  V I .
R e s u lts  o f  th e  Phosphorus Compounds o f  Blood i n  I n f a n t i l e  Tetany.










T .P. p.p. P .E .1 «.¿14 • L.P. T.P. P.P. L.P. E.P. T .P.mgm.j er 10 ) c.c. mgm,:'per 100 Q.C. mgm.pei 100 c.c.
Hormal Average . 4.15 26.36 22.4 13.74 40.2 40.11 3-93 4-31 O .38 9.06 13.1 2 4.63 23.26 67-25 95-13 33-15 10.73
15.J.K.aet layrs 5-5 22.9 17-35 8.0 31.2 30.9 5.4 5.53 O.I3 4-06 9.59 5.9 18.2 61.6 85-7 28.0 8.1
16 J.Pi.aet 4|yrs 3-5 23*4 19-9 1 0 .4 33*4 33*8 3.22 3-36 0.14 6.39 9.75 4-15 19.4 64.2 87-75
00•ON'N 5-2
17 J.C.aet l^yrs 4.04 25.2 21.16 1 1 .7 37-4 36.9 3.89 4-5 0 .61 6.0 1 0 .5 4.34 23.O 62.1 89-44 33-4 5-3
18 T .M.aet yr.& 5-74 2 7.1 21.36 1 0 .4 36-7 37-5 5.2 5-45 O .25 9-47 14.92 7-1 12.7 74-9 94-7 28-4 4.8
19 Gr.T.aet l^yrs
I <.
6 .1 33*4 27-3 9.26 42.73 42.66 6 .1 7 6.5 8 0.4 1 6.48 12.65 6.0 13.7 70-3 90.0 38-5 5-2
Average 4-97 26.4 21.41 9-95 36.28 36.23 4.75 5.08 0.3 6.48 11.48 5-5 17-4 66.6 89-52 31.8 5.72
P.P. = Pree Phosphorus; P.¡S.P. 3? Pree plus Ester Phosphorus: L.P. = Lipin Phosphorus:
T.P. - T'otal Phosphorus.
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-OOO“
W hole B lo o d i The a v e ra g e  e s t e r  p h o sp h o ru s o f  the  
w h o le  b lo o d  i n  5 ca se s  o f  i n f a n t i l e  t e t a n y  was fo u n d  to  
be 2 1 . 4  mg. p e r 100 c . c .  w h ic h  i s  4 .4  p e r c e n t below  the  
n o rm a l a v e r a g e . I n  4 c a se s  the e s t e r  p h o sp h o ru s was 
d im in is h e d  a p p r e c ia b ly ,  and o n ly  i n  one ca se  was i t  
in c r e a s e d  m a rk e d ly .
P la s m a : The av e ra g e  e s t e r  p h o sp h o ru s o f  th e  plasm a
was fo u n d  to  be 2 1  p e r c e n t below  the n o rm a l a v e r a g e .
The lo w e s t  f ig u r e  re c o rd e d  was 0 . 1 3  mg. and th e h ig h e s t
0 . 6 1  mg. p e r 100 c . c .  o f  the p la sm a .
R ed B lo o d  C o r p u s c le s : The a v e ra g e  e s t e r  p h o sp h o ru s
o f  th e r e d  b lo o d  c o r p u s c le s  i n  5 c a s e s  o f  t e t a n y  was 
fo u n d  to  be 6 6 .6  mg. p e r 100 c . c . ,  w h ic h  i s  l e s s  th a n  
1 p e r  c e n t  below  the no rm al l e v e l .  I n  e a ch  i n d i v i d u a l  
c a se  th e  e s t e r  p h osph orus o f  the r e d  b lo o d  c o r p u s c le s  was 
w it h i n  th e  l i m i t s  o f  n o r m a lit y .
L i p i n  P h o sp h o ru s.
-o 0 o -
W hole B lo o d : The a v e ra g e  l i p i n  pho sp ho ru s o f  the
w h o le  b lo o d  i n  5 c a se s  o f  t e t a n y  was fo u n d  to  be 9 .9 5  mg. 
p e r c e n t ,  w h ich  i s  2 7 . 5  p e r  c e n t below  the n o rm a l a v e r a g e .  
The l i p i n  p hosphorus o f  the w hole b lo o d  was fo u n d  u n i ­
fo r m ly  d im in is h e d  i n  e ach  i n d i v i d u a l  c a s e .
Plasma: The average l ip in  phosphorus of the plasma
E s te r  Phosphorus.
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was found to be 6.48 mg. per cent, or 28.4 per cent 
below the normal average. in one case it was as low 
as 4.06 mg. per 100 c.c. of the plasma - a decrease of 
55 per cent bejow the normal average. Only in one case 
was it found within the limits of normality.
Red Blood Corpuscles: The average llpin phosphorus 
of the red blood corpuscles in 5 cases of tetany was
17.4 mg. per 100 c.c., i.e. 25 per cent below the normal 
average. In 4 of the 5 cases it was appreciably dimin­
ished, in one amounting to 50 per cent. In the remain­
ing one it was within the limits of normality.
Total Phosphorus.
-o0o-
Whole Blood: The average total phosphorus content
of the whole blood in 5 cases of tetany was 36.23 mg. per 
100 c.c., which is 9*6 per cent below the normal average. 
In 4 out of 5 cases the total phosphorus content was 
appreciably diminished, the lowest figure recorded being 
about 23 per cent below the normal average. In the 
remaining case it was slightly above the normal average.
Plasma: The average total phosphorus content of the
plasma in 5 cases of tetany was 11.48 mg. per 100 c.c., 
which is 12.5 per cent below the normal average. In 4 
out of 5 cases the total phosphorus content was apprec­
iably decreased In amount, the lowest figure being about 
20 per cent below the normal average. In the other case
the/
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the total phosphorus content was within the limits 
of normality.
Red Blood Corpuscles: The average total phosphorus
of the red blood corpuscles in 5 cases was 89.52 mg. per 
100 c.c., which is 5.9 per cent below the normal average. 
There wa3 no great variation between individual cases.
Haematocrit Finding.
”o0o~
The average cellular portion of the whole blood in 
5 observations was 31.8 cc. per 100 c.c. of the whole blood 
which is 4 per cent below the average normal.
Calcium Content of the Blood Serum.
“O0O”
Calcium content of the blood serum was determined 
independently in each individual case, and very low values 
were found. The highest figure recorded was 8.1 mg. per 
100 c.c. of the blood serum. All the other figures were 
below 6 mg. per 100 c.c. of the blood serum.
62.
Distribution of Calcium of the Blood In Infantile 
in Infantile Tetany.
-oOo"
The question of the presence of calcium in the red 
blood corpuscles has often been a subject of considerable 
discussion. (68)
Hamburger (1909) reported as much as 32 mg. of
calcium per 100 c.c. of red blood corpuscles. Cowie and 
(69)
Coliioum (1919) also found an average of 4.26 mg. of the
calcium per 100 c.c. of unwashed human red blood corpuscles,
and 3.47 mg. per 100 c.c. of washed red blood corpuscles.
(18)
Jones and Nye (1921) also insisted upon the presence of
calcium in the red blood corpuscles in appreciable amounts,.
their average being 8.7 mg. per 100 c.c. red blood cor-
(70)
puscles. Jones (1921) also obtained an average calcium
of 5 mg. per 100 c.c. of red blood corpuscles in the new
(30)
born. Anderson (1924) reported figures from 3.1 to 5.5 mg.
of calcium per 100 c.c. of the red blood corpuscles, and
(71)
Stanford and Wheatley (1925) claimed that the human red 
blood corpuscles contain from 1.4 to 3 mg. of calcium
per 100 c.c. ^
On the other hand, as early as 1898 Abderhalden in
a study of the substances of the blood in various animals
such as the cow, bull, sheep, horse, pig, rabbit, dog, and
the cat, never found any calcium in the red blood corpuscles.* (73) (74)
Richter -Quittner (1921) and Falta (1921) also failed to
find/
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find calcium present either in the human red blood
corpuscles or in those of the animal which they inves-
(75)
tigated. Kramer and Tisdall (1922) also stated that
the red blood corpuscles of human blood did not contain
appreciable amounts of calcium. Stewart and Percival (76)
(1928) failed to demonstrate more than a mere trace
( from 0.15 to 0.30 mg. per 100 c.c. of corpuscles) of
(77)
the calcium in the corpuscles. Leiboff (1930) found 
no calcium in the human red blood corpuscles.
Author*s Re3ults.
-oQo-
Hie calcium content was determined directly both in 
the whole blood, and the plasma, and then by means of 
calculations the figures for the red blood corpuscles were 
obtained.
Methods:
D e t e r m i n a t i o n s  o f  th e  calcium c o n t e n t  o f  t h e  p la s m a
were made according to the method described by Kramer and 
(78)
Tisdall (1921) .
(2) Determinations of the calcium content in the whole(30
blood were made by the method described b y  Anderson (1924) .
(3) H a e m a t o c r i t  r e a d i n g s  w e re  t a k e n  f ro m  t h e  o x a l a t e d  
b l o o d  s p u n  i n  a  c e n t r i f u g e  f o r  a b o u t  40-45 m in u t e s  a t  t h e  
r a t e  o f  3000 r e v o l u t i o n s  p e r  m i n u t e .
N o r m a l/
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-oOo-
Calcium content was determined in the whole blood, 
and the serum of 5 normal children, and the calculated 
results for the red blood corpuscles are given in Table 
VII.
In Table VII showing the findings regarding calcium 
content of the red blood corpuscles (determined by- 
calculation) it will be seen that they are in agreement 
with those of the later workers who found that corpuscles 
contain practically no calcium.
Blood of the Cases suffering from Active Tetany.
-oCo~
Calcium content of the whole blood, and the plasma 
in 2 cases of infantile tetany was determined directly, 
and the calculated values for the red blood corpuscles 
are given in Table VIII«
The red blood corpuscles of the blood in infantile 
tetany complicated with rickets contained an appreciable 
amount of calcium per 100 c.c.
Summary and Conclusions.
-oOo-
1. Free phosphorus of the whole blood, the plasma, and the 
red blood corpuscles showed a tendency to rise apprec­
iably in 60% of our cases,
2 ./
Normal B lood.
gable V I I .









mgm.per 1 0 0c.c. 
of Corpuscles.
1 . C.G. 1 0 . 2 6 .8 2 0 . 3
2 . J . MeE. 9-72 6.99 O . 3 1
3* E.C. 1 0 . 9 7-52 0 .
4- A.M. 1 1 . 1 7«l O . 2 7
5* A.G. 11.4 6 .9 9 0 . 0 5
Table V I I I .
D is tr ib u t io n  o f  Calcium in  I n fa n t ile  te ta n y .
  ___     l
No. Name Calcium in mgm.per 100c.c. 
of Blood Serum
Calcium in 





1 . J. L . 7-1 5*56 1.34
2 . Gr.T . 5.2 3*7 1*3
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2. (a) The ester phosphorus of the whole blood showed 
a tendency to fall appreciably.
(b) The ester phosphorus of the plasma was below 
the normal level.
(c) There was no appreciable change in the ester 
phosphorus of the red blood corpuscles.
3. The lipln phosphorus of the whole blood, the plasma, 
and the red blood corpuscles was markedly diminished 
per cent.
4. The total phosphorus content of the whole blood, plasma, 
and the red blood corpuscles showed a tendency to 
diminish in amount per cent.
5. The calcium content of the blood serum in tetany is 
considerably diminished.
The red blood corpuscles of the blood in normal children 
are devoid of calcium.
6 . The red blood corpuscles of the blood in tetany contain 
am appreciable amount of the calcium per 100 c.c*
66*
Miscellaneous Group.
— — ii l»> '«i in»«— ■ ■■mm in    ———
-0O0-
Comparatively few data are available on the
complete distribution of the phosphorus compounds
of the blood in pathological conditions other than
(79)
those already discussed. McGlusky (1925) published
his work on the distribution of the phosphorus compounds
of the blood in tuberculosis. He reported that the
inorganic phosphate of the blood plasma in tuberculosis
was higher in concentration than in the normal subjects.(80)
Roller (1926) studied the phosphorus compounds of
the blood in the cases of numerous diseases such as
pneumonia, neuresthenia, chronic bronchitis, etc., and
he found a moderate, though inconclusive, variation in
the partition of the phosphorus compounds in the blood.
(81)
Byrom and Kay (1928) also studied the distribution of 
the phosphorus compounds of the blood in anaemia, poly- 




We have studied the partition of the phosphorus 
compounds of the blood in examples of idiopatic 
convulsions, secondary anaemia, rickets, etc. Though 
the results for any particular disease are too scanty 
to warrant definite conclusions yet they indicate some
interesting/
TABLE ix  • R esu lts  o f  th e  Phosphorus compounds in  b lood  
________________________ o f  m isce lla n e o u s  c a s e s .________________
Same & Age D iagnosis
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21.B.R. j i y r .
*2.
Id io p  Con­
v u ls io n s
6 .49 25 .3 1 8 ,81 11.41 36 .7 36 ,76 5 .79 6 .25 0 .4 6 7 .3 5 13 .6 8 .5 23.3 72.7 104.5 25.4 -
22*G ,K ',X yr. do do 5 .37 23 .1 17 .73 9 .8 33 .3 3 2 .9 5 .3 5 .9 0.6 5.18 11.08 5 .5 21.8 62.2 89.5 27.8 -
23.R.A. 12 " Sec.Anaemia 4 .52 23 ,5 1 8 .9 8 10.0 33 .6 33 .51 4 .3 4 .4 5 0 .1 5 8 .1 5 12.6 5.2 16.5 81.3 103.0 23.2 10.8
24.L.A.67- " n ii 3.98 2 3 .6 19 .62 1 0 .3 3 4 .2 3 3 ,9 3 .8 4 .1 0 .3 8 .4 12 .5 4 .6 16.1 79.5 10 O', 2 24.4 10.9
25.B.MCS.8” n ii 4 .1 25 .3 2 1,2 1 1 .2 36 .17 3 6 .5 3 .8 4 .2 0 ,4 9 .1 13.1 4.87 16.6 74.9 9 6 .3r'27.9 9.12.
26.M.T. 3%" Purpura
Sim plex
3 .25 20.61 17 .36 9 .0 5 30 ,4 29 ,66 3 .3 2 3 .7 0 .3 8 7 .2 10,52 3.07 13.7 60.3 77.1 28,3 11.06
27.W.M. 6|" Ununited 
f r a c t u r e  o f  
T ib ia
6 .1 29 .2 23 .1 1 3 .2 43 .8 4 2 .4 5 ,1 3 8.2 3 .0 7 5 .4 13 .6 7 .9 28.1 61.1 97.1 34.5 1 1 .1
28.J.W. I f "
29.D.M. 5^»
































30.M.H. 8 ” Lymphad- 4 .0 6 23 ,89 19 .83 11 .74 36 .13 35 .63 4 .2 4 ,5 6 0 .3 6 6.08 10.69 3.79 22.6 57.1 83,49
31.C.G. 9|" Dwarf, 4 ,3 6 2 9 ,2 24 .84 9 .8 39 .13 39 .0-6 9 -  — - 4 .0 3 4 .7 0 .6 7 7 .7 6
12 .46 5.0 13,9 73.4 92.3 33.2
P .P . -  Free phosphorus; F .E .P , -  Free p lu s  e s te  ph osphorus; L.JP, L ip in  phosphorus; T .P , -  'Total phosphorus.
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interesting changes in the partition of the phosphorus 
compounds of the blood and it was considered justif­
iable to include them here. The results appear in 
Table IX.
In order to avoid unnecessary complications it is 
proposed to take up the results of each different 
disease in order# and treat them separately.
1. Idiopathic Convulsions.
-oOe-
There were only two cases of idiopathic convulsions 
available for the study. They were ^/52 yr. and V 52 yr. 
old respectively. From their histories and physical 
examinations no apparent cause was found to account for 
the condition. lumbar puncture was performed in both 
of them# and the cerebro-spinal fluid was found devoid 
of any abnormal changes.
The blood was submitted to analysis for the phos­
phorus compounds and the following changes in the partition 
of the phosphorus compounds of the blood were observed.
Free Phosphorus.
-o0o~
Whole Blood; The average free phosphorus of the 
blood was found to be 5.93 mg. per 100 c.c. of the whole 
blood# which is 42 per cent above the normal average.




Plasma: The avera.ge free phosphorus of the plasma
in 2 cases of idiopathie convulsions was 5.54 mg. per 
100 c.c», 41 per cent higher than the normal average.
This increase in the free phosphorus was recorded in 
both eases independently.
Red Blood Corpuscles: The average free phosphorus
of the red blood corpuscles in 2 cases was 7.0 mg. per 
100 c.c., which is 51 per cent above the normal level.
The rise in the inorganic phosphorus was observed in 
both cases independently.
Young infants might give slightly higher values 
for the free phosphorus of the blood, but in this instance 
the values were too high to be accounted for satisfactorily 
by that factor, and the cause probably lay elsewhere. 
Conceivably kidneys might be incriminated to be defective 
in the power to excrete inorganic phosphates, but 
clinically there was nothing even to suggest such a 




Whole Blood: The average ester phosphorus of the
blood in 2 cases was 18.27 mg. per 100 c.c., which is
18.4 per cent below the normal average. It was
diminished in both cases.
Plasma: The average ester phosphorus of the plasma
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was 0.55 mg. per 100 c.c. which is about 40 per cent 
above the nonrial average. The plasma of both individ­
ual cases rose in concentration above the normal level.
Red Blood Corpuscles: The average of the ester
phosphorus of the red blood corpuscles in 2 cases was
67.4 mg. per 100 c.c. Both the average and the values 
for individual cases were within the limits of normality.
Lipin Phosphorus.
- gOq“
Whole Blood: The average lipin phosphorus of the 
whole blood in 2 cases was 10 .6 mg. per 100 c.c., which 
is 22.8 per cent below the normal average. It was 
diminished in amount in both cases independently.
Plasma: The average lipin phosphorus of the plasma
was 6 .26 mg. per 100 c.c., and this is 30.8 per cent 
below the normal average. The plasma of both cases 
showed diminution in the lipin phosphorus per 100 c.c.
Red Blood Corpuscles: The average lipin phosphorus
of the red blood corpuscles was found to be 22.5 mg. 
per 100 c.c., which is within the limits of normality.
Total Phosphorus.
-o0o=
Whole Blood: The average amount of the total
phosphorus of the whole blood was 34.83 mg. per 100 c.c., 
which is 13.1 per cent below the normal average. This 
fall in amount of the total phosphorus was noted in both
cases/
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Plasma; The average amount of the total phosphorus 
of the plasma was 12.34 mg. per 100 c.c., which is
5.9 per cent below the normal average.
Red Blood Corpuscles; The average total phosphorus 
content of the red blood corpuscles in 2 cases was




The cellular portion of the whole blood was found 
diminished in amount per 100 c.c. in both cases. The 
average value for the 2 cases is 19.7 per cent below 
the normal average value•
Summary and Conclusions.
1. Free phosphorus of the blood in 2 cases of idiopathic 
convulsions showed a tendency to rise considerably
in amount per 100 c.c.
2 . (a) ester phosphorus of the whole blood was decreased 
in amount.
(b) Ester phosphorus of the plasma was increased.
(c) Ester phosphorus of the red blood corpuscles was
normal in amount per 100 c.c.
3. The lipin phosphorus of the whole blood and the plasna
was markedly diminished per 100 c.c., but the lipin
phosphorus of the red blood corpuscles was normal.
4./
ca se s  in d e p e n d e n tly.
7 1
4. The total phosphorus of the whole blood showed a 
tendency to decrease xn amount per 100 c.c. The 
total phosphorus of the plasma was slightly decreased, 
and that of the red blood corpuscles was normal.
2. Secondary Anaemia.
-o 0 o ~
Three examples of this condition were examined.
In 2 of the 3 cases no other pathological evidence was 
present to account for the anaemic state except some 
carious teeth. In the remaining case the condition was 
present in a child recovering from rheumatic fever.
The blood was analysed completely for the distri­
bution of the phosphorus compounds of the blood in every 
one of them, and the following results were obtained.
Free Phosphorus.
~c0o~
The average free phosphorus of the whole blood, 
plasma, and the red blood corpuscles remained within the 




Whole Blood: The average ester phosphorus of the
whole blood was found to be 19.7 mg. per 100 c.c., which
is/
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is 12 per sent 'below the normal average. In each 
individual case the ester phosphorus content of the 
whole blood per cent was invariably diminished.
Plasma: The average ester phosphorus of the plasma
was 0.28 mg. per 100 c.c., which is 26.3 per cent below 
the normal average.
Red Blood Corpuscles; The average ester phosphorus
of the red blood corpuscles was 78.6 mg. per 100 c.e.,
an increase of about 17 per cent above the normal average.
In each individual case the value for the ester phosphorus
of the red blood corpuscles was appreciably higher than
the normal average. This invariable increase in the
ester phosphorus was in agreement with what one might
expect if there were an increased proportion of the young
cells in blood whose ester phosphorus content is
generally admitted to be slightly above the normal.
Further, these valuesibr the ester phosphorus of the red
blood corpuscles in secondary anaemia confirmed the findings
(87)
for the same condition published by Byrom and Kay (1928)
Lipin Phosphorus.
-o0o-
Whole Blood; The average lipln phosphorus of the 
whole blood in 3 cases of secondary anaemia was 10.5 mg. 
per 100 c.c., a decrease of 23,5 per cent below the normal 




was 8.55 mg. per 100 c.c., a decrease of 5.5 per cent
below the normal level.
Red Blood Corpuscles: The average lipin phosphorus
of the red blood corpuscles was 15.4 mg. per 100 c.c.,
i.e. 29 per cent below the normal level. This low value
for the lipin phosphorus was uniform in all the cases.
(82)
Bloor and Macpherson (1917) while studying lipoids 
in anaemia were led to conclude that the blood lipoid 
values in anaemia were normal as long as the percentage 
of the red blood corpuscles remained above half the normal 
value. When the percentage was below this level the 
abnormalities began to appear which, in the order of 
their magnitude and also of the frequency of their occur­
rence were:™
(1) High fat in the plasma.
(2) Low cholesterol in the plasma, and occasionally in 
the corpuscle3, and
(3) Low lecithin in the plasma.
They also found that the lipoid composition of the
corpuscles was normal in almost all the cases. The
figures of our cases for lipin phosphorus of the red
cells do not support their conclusions.
(83)
Bloor (1920-21) studied rabbits in which lipaemia 
was produced by the acute experimental anaemia through 
haemorrhage, and he showed that of all the phosphoric 
acid compounds of the blood, the lipoid phosphorus was
most/
Plasma: The average l i p i n  phosphorus o f  the plasma
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most markedly affected by the anaemia and subsequent 
lipaemia. Values up to 5 times the normal were found 
in the plasma, and 2 times or over the normal in the 
red blood corpuscles. When the lipoid phosphorus 
was markedly above the normal there was an increase in 
the inorganic phosphate. Organic phosphorus of the 
corpuscles on the other hand remained remarkably constant 
throughout the experiments. Organic phosphorus of the 
plasma, however, varied greatly. They concluded that 
the only phosphorus which was notably higher in the newly 
formed red blood corpuscles than in the older ones was 
the lipoid phosphorus. our results for the lipin 
phosphorus in 5 cases of secondary anaemia showed a 
tendency to be slightly diminished in the plasma and 
markedly so in the red blood corpuscles which state was 
in absolute contradiction to his findings, but this 
discrepancy might be due to the fact that their results 
were obtained from rabbits after experimental anaemia 
followed by lipaemia, and ours were obtained from the 
blood of the patients suffering from secondary anaemia
with no evidence of lipaemia.
(81)
Byrom and Kay (1928) contended that in secondary 
anaemia the individual cases varied somewhat in their 
phosphorus partition, but the average figures showed 
that, on the whole, the changes in the phosphorus part­
ition were due merely to the change in the relative 
proportion/
7 5 .
proportion of the red blood corpuscles and plasma and 
were not due to any qualitative change in the nature of 
their phosphorus compounds. As they appeared to have 
estimated only the phosphorus compounds of the whole 
blood it was very easy to arrive at somewhat deceptive 
conclusions. For instance, if the relative diminution 
of the cellular portion of the blood in secondary 
anaemia is seldom so very marked, and as the plasma 
contains an appreciable amount of the lipin phosphorus, 
there can not be expected more than a slight diminution 
in the lipin phosphorus per 100 c.c. of the whole blood.
But if this slight diminution in the lipin phosphorus 
of the whole blood is directly at the expense of the red 
blood corpuscles, and the latter are relatively dimin­
ished per 100 c.c. of whole blood, it is evident that 
the fall in the lipin phosphorus will be mech greater 




The average cellular portion of the blood in 3 cases 
of secondary anaemia was 25.1 c.c. per 100 c.c. of the 
whole blood, a decrease of 24.2 per cent below the normal 
average. The decrease in the cellular portion per 100 c.c. 
of the whole blood was marked in all the case3 .
Calcium/
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Calcium Content of the Blood Serum.
~qQg -
The calcium content of the blood serum in 3 cases 
of secondary anaemia was determined, and found to be 
within the limits of normality.
Summary and Conclusions.
-o0o~
1# Free phosphorus of the blood was within normal limits. 
2» Ester phosphorus of the whole blood and the plasma 
showed a tendency to fall appreciably in the amount.
3. Ester phosphorus of the red blood corpuscles was 
increased.
4. Lipin phosphorus of the whole blood showed a tendency 
to fall appreciably, that of the red blood corpuscles 
markedly, and that of the plasma was within normal 
limits,
5. Calcium content of the blood plasma was normal.
3. Purpura Simplex.
-oOo-
Only one case of purpura simplex was available for 
the purpose of studying the distribution of the phosphorus 





Whole B lood : The fr e e  phosphorus was found to  he
3 .2 5  mg» per 100 c . c .  o f  the whole b lo o d , a decrease  o f
2 1 .9  per cent below  the normal l e v e l .
Plasm a; The fr e e  phosphorus o f  the plasma was 3 .3 2  mg. 
per 100 e . c . ,  a decrease o f  15 .5  per cen t below the normal 
l e v e l .  The fr e e  phosphorus o f  the plasma was s l ig h t ly  
h igh er  in  co n ce n tra tio n  than the fr e e  phosphorus o f  the 
whole b lo o d  per 100 c . c . ,  w hich was the rev erse  o f  that 
o f  the normal f o r  ch ild r e n .
Red Blood C orp u sc le s : The fr e e  phosphorus o f  the red
b lood  corp u scles  seemed to  s u f fe r  the g re a te s t  l o s s .  I t  
was found to  be on ly  3 .0 7  mg. per 100 c . c . ,  w hich  is  
3 3 .6  per cent below  the normal l e v e l .  I t  was a c tu a lly  
sm a ller  in  the amount per 100 c . c .  than e ith e r  th a t  o f  
the plasma or  the whole b lo o d , whereas in  the normal 
b lo o d  i t  was the h ig h e st  in  amount per 100 c . c .
E ster Phosphorus.
-oQ o-
Whols B lood : The e s te r  phosphorus o f  the whole b lo o d
was 1 7 .3 6  mg. per 100 c . c . ,  and th is  is  2 2 .5  per cent 
below  the normal l e v e l .  This decrease was due c h ie f ly  
to  the r e la t iv e  dim inution  o f  the red  b lood  co rp u sc le s  
o f  the whole b lo o d .





0*38 mg* per 100 c . c . ,  which was normal*
Red B lood  C orp u sc les ; The e s te r  phosphorus o f  th e  
r e d  b lo o d  co rp u sc le s  was 60.3 mg. per 100 c . c . ,  a 
d ecrea se  o f  10.3 per cen t below the normal l e v e l .  The 
c e l lu la r  p o r t io n  o f  the whole b lo o d  appearing sm aller 
in  amount per 100 c . c . ,  th is  f in d in g  was ra th e r  con tra ry  
to  what w ould have been exp ected  had the b lo o d  changes 
been due sim ply to  anaemia.
L ip in  Phosphorus.
“ o G o -
Whole B lood : The l i p in  phosphorus o f  the whole
b lo o d  was 9 .0 5  mg. per 100 c . c . ,  a marked decrease o f  
34 per cen t below the normal l e v e l .
Plasma: The l i p i n  phosphorus o f  the plasma was
7 .2  mg. per 100 c . c . ,  w hich i s  2 0 .5  per cen t below the 
norm al a v e ra g e .
Red B lood  C orp u sc les : The l i p in  phosphorus o f  the
re d  b lo o d  corp u scles  was 13 .6  mg. per 100 c . c . ,  and th is  
i s  41 per cen t lower than the normal average in  c h ild r e n .
T ota l Phosphorus.
-o 0 o =
Whole  B lo o d : The t o t a l  phosphorus o f  the whole b lo o d
was on ly  2 9 .6 6  mg. per 100 c . c . ,  a decrease o f  26 per cent
below  the normal avera ge .
Plasma: The t o t a l  phosphorus content o f  the p lasna
was 10.52 mg. per 100 c . c . ,  a decrease o f  19 per cen t below
t h e /
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Red B lood Corpusc3.eab The t o t a l  phosphorus o f  the 
re d  b lood  corp u scles  was 7 7 .1  mg. per 100 c . c . ,  w hich 
i s  19 per cen t below the normal average .
H aem atocrit F in d in g .
— —
The amount o f  the red  b lo o d  co rp u sc le s  was 2 8 .3  c . c .  
per 100 c . c .  o f  the whole b lo o d , a d ecrease  o f  1 4 .8  per 
cen t below  the norm al.
Calcium Content o f  the B lood Serum.
-o O o “
Calcium content o f  the b lo o d  serum was 11 .06  mg. 
per 100 c . c .
Summary.
-oO o-
1 . There was a gen era l tendency fo r  a l l  the phosphorus 
compounds to  be markedly dim inished in  amount per
100 c . c .  o f  the w hole b lo o d , plasma, and the c o r p u s c le s .
2 .  The norm al r e la t io n s h ip  o f  the fr e e  phosphorus o f  the 
whole b lo o d , plasma, and the co rp u sc les  was d is tu rb e d , 
th at o f  the co rp u sc le s  b e in g  low est in  the amount per 
100 c . c .
3. Calcium content of the serum was, if anything, uncreased 




4 .  Ununited F racture o f  T ib ia .
—O0©””
The p a t ie n t  was born w ith  fr a c tu r e  o f  l e f t  t i b i a ,  
w h ich  has p e r s is te d  even s in ce  n otw ith stan d in g  two 
o p e ra tio n s  and p la t in g  o f  the b o n e s . In view o f  th is  
in t e r e s t in g  h is to r y  o f  the c o n d it io n  the a n a ly s is  o f  
b lo o d  fo r  p a r t i t io n  o f  the phosphorus compounds was 
c a r r ie d  out and the fo l lo w in g  s t r ik in g  changes were 
o b se rv e d .
Free Phosphorus.
-oQ O "
Whole B lo o d : The fr e e  phosphorus o f  the whole b lo o d
was 6 .1  mg. per 100 c . c . ,  an in cre a se  o f  47 per cent 
above the norm al.
Plasma: The fr e e  phosphorus o f  the plasma was 5 .13  mg.
per 100 c . c . ,  an in crea se  o f  3 0 ,5  per cent above the 
norm al.
Red B lood  C orp u scles : The fr e e  phosphorus o f  the
red  b lo o d  co rp u sc le s  was 7 .9  mg. per 100 c . c . ,  an In crea se  
o f  7 0 .6  per cen t above the normal average.
E ster Phosphorus.
- o 0o -
Whole B lo o d : The e s te r  phosphorus o f  the whole
b lo o d  was 2 3 .1  mg. per 100 c . c . ,  w hich i s  3 .1  per cen t
above the norm al.
Plasma: The e 3te r  phosphorus o f  the plasma was
3 .0 7 /
8 1 .
3 .0 7  mg. per 100 e . c . ,  or  708 per cen t above the normal 
a v era g e . This was a very s t r ik in g  in c r e a s e , and we 
found i t  in  no o th er  c o n d it io n .
Red B lood C orp u sc les : The e s te r  phosphorus o f  the
re d  b lo o d  co rp u sc le s  was 61 .1  mg. per 100 c . c * ,  which i s  
9 per cen t below the normal average •
L ip in  Phosphorus.
-oQ©~
Whole B lood ; The l l p i n  pho3phoru3 o f  the whole b lo o d  
amounted to  2 3 .1  mg. per 100 c . c . ,  w hich is o n ly  3 .6  per 
cen t below  the normal l e v e l .
Plasm a: The l i p in  phosphorus o f  the plasma was o n ly
5 .4  mg. per 100 c . s . ,  w hich i s  4 0 .4  per cen t below the 
normal average.
Red B lood C orp u sc les ; The l i p i n  phosphorus o f  the 
re d  b lo o d  co rp u sc le s  was 2 8 .1  mg. per 100 c . c . ,  an 
in cre a se  o f  20.8 per cent above the normal l e v e l .
T ota l Phosphorus.
-o O o “
Whole B lo o d ; The t o t a l  phosphorus con tent o f  the 
whole b lo o d  was 4 2 .4  mg. per 100 c . c . ,  an in cre a se  o f
5 .7  per cen t above the normal average .
Plasm a: The t o t a l  phosphorus con ten t o f  the plasma
was 1 3 .6  mg. per 100 c . c . ,  an in crea se  o f  3 .6  per cent 
above the norm al.
Red Blood C o rp u sc le s : The t o t a l  phosphorus content
o f  the r e d  b lo o d  co rp u sc le s  was 97 .1  mg. per 100 c . c . ,  
an /
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H aem atocrlt F in d in g .
-oQ o-
The c e l lu la r  p o r t io n  o f  the whole b lo o d  was found 
to  be 3 4 .5  p . c .  per 100 c . c . ,  an in crea se  o f  4 per cen t 
above the normal average1.
Calcium o f  the Blood Serum.
-oO o”
Calcium content o f  the b lo o d  serum was found to  be
1 1 .1  mg. per 100 c . c . ,  w hich i s  3 .4  per cen t above the 
norm al average fo r  c h ild r e n .
Summary.
-oO o-
1 . The fr e e  phosphorus o f  the whole b lo o d , plasm a, and 
the co rp u scle s  showed a marked tendency to  r i s e  in  the 
amount per 100 c . c .
2 .  The e s te r  phosphorus was s l ig h t ly  in creased  in  the 
w hole b lo o d , very markedly in  the plasma, and s l ig h t ly  
d im in ished  in  the red  b lo o d  c o r p u s c le s .
3 .  The l i p in  phosphorus o f  the whole b lood  was w ith in  
the normal l im i t s ,  markedly dim inished in  the plasm a, 
and in crea sed  in  the red  b lood  co rp u sc le s .
4 .  T o ta l phosphorus was s l i g h t ly  in cre a se d  in  a l l  o f  them.
5 . Calcium o f  the plasma was above the norm al.
6 . C e llu la r  p o r t io n  was in crea sed  in  the whole b lo o d .
■Rickets/
an in c r e a s e  o f  2 . 1  per ce n t above the normal.
83.
-0G0 -
The a n a ly s is  o f  the b lood  fo r  phosphorus compounds 
was made on ly  in  one case o f  r i c k e t s .  This p a tie n t  
had a l l  the p h y s ica l and r a d io lo g ic a l  s ig n s  o f  a c t iv e  
r i c k e t s .  The fo l lo w in g  changes in  the p a r t i t io n  o f  
the phosphorus compounds were ob serv ed :
Free Phosphorus.
-0O0-
Whole B lood : The fr e e  phosphorus o f  the whole b lood
was 3 .2 1  mg. per 100 c . c « ,  a:\ d ecrease  o f  2 8 .6  per cen t 
below  the norm al.
Plasma: The fr e e  phosphorus was 3 .3 2  mg. per 100 c . c .  
o f  the plasma, a decrease  o f  1 5 .5  per cent below the 
norm al l e v e l .
Red B lood  C orp u scles : The fr e e  phosphorus was 2 .9  mg.
per 100 c . c .  o f  the red  b lo o d  c o r p u s c le s , a decrease  o f
3 7 .3  per cen t below the normal l e v e l .
E s te r  Pho s phorus .
-oGo~
Whole B lood : The e s t e r  phosphorus was found to  be
20 . 63 mg. per 100 c . c .  o f  the w hole b lo o d , a d ecrease  o f
7 .9  per cent below the normal average.
Plasma: The e s te r  phosphorus was found to  be 0 .2  mg.
per 100 c . c .  o f  the plasma, a decrease  o f  4 7 .3  per cen t 
below  the norm al.
Red/
5 .  R ick e t s .
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Red Blood C orp u sc les : The e s te r  phosphorus was
found to be 64 .6  mg. per 100 c . c .  o f  the red b lood  
c o r p u s c le s ,  a decrease o f  3 .9  per cen t below  the normal 
l e v e l .
L ip in  Phospho r u s .
-oO o-
Whole B lood : The 11pin  phosphorus amounted to
1 2 .07  mg. per 100 c . c .  o f  the w hole b lo o d , which 13 12 
per cen t below  the normal a v era g e .
Plasma: The l l p l n  phosphorus o f  the plasma was
found to  be 8 .5 5  mg. per 100 c . c . ,  a decrease  o f  5 .6  per 
cen t below the normal average.
Red B lood C orp u sc le s : The l i p i n  phosphorus o f  th e
re d  b lood  co rp u sc les  was 1 9 .6  mg. per 100 c . c . ,  w hich i s
1 5 .7  per cen t below the norm al.
T ota l Phosphorus.
- o 0 o ”
Whole B lood : The t o t a l  phosphorus con tent was
3 5 .9 1  mg. per 100 c . c .  o f  the w hole b lo o d , and th is  i s
10.4  per cen t below the normal average fo r  c h ild r e n .
Plasma : The t o t a l  phosphorus con tent was 12 .07  mg. 
p er 100 c . c .  o f  the plasma, and th is  i s  8 per cen t below  
the normal average.
Red B lood  C orp u scles : The t o t a l  phosphorus was
8 7 .1  mg per 100 c . c .  o f  the re d  b lood  c o r p u s c le s , and 
t h is  i s  8.4  per cent below the normal a v era ge .
Haematocrit/
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Haematoer i t  F ind in g .
-cQo~
The c e l lu la r  p ortion  o f  the who&e b lood  was found 
to  be 3 1 .7  c . e .  per 100 c . c .  o f  the w hole b lo o d , and 
th is  i s  4 .3  per cen t below the normal avera ge .
Calcium Content o f  the B lood Serum.
-oG o-
The calcium  content o f  the b lo o d  serum was found 
to  be 8 .1 4  mg* per 100 c .c # »  and th is  i s  24*1 per cent 
below the normal average .
Summary.
—o O c -
1» The fr e e  phosphorus showed a marked tendency to  
d im in ish  in  amount per 100 c . c .  o f  the whole b lo o d , 
plasm a, and the red  b lood  c o rp u s c le s . The r e la t iv e  
p ro p o r t io n  between them was d is tu rb e d , the red  b lo o d  
co rp u sc le s  s u f fe r in g  the g re a te s t  d im inution in  the 
f r e e  phosphorus per 100 c . c .
2 .  The e s te r  phosphorus o f  the whole b lo o d , plasm a, and 
the co rp u sc le s  were s l ig h t ly  dim inished in  amount 
per 100 c . c .
3 .  The l i p i n  phosphorus o f  the wholee b lo o d , plasm a, and 
the red  b lo o d  co rp u scle s  showed a tendency to  be 
dim inished in  amount per 100 c . c * ,  the red  b lo o d  




4 .  The t o t a l  phosphorus con ten t was s l ig h t ly  d im inished 
in  amount per 100 c . c .  o f  the whole b lo o d , plasma, 
and the c o rp u s c le s .
5» The calcium  content showed a tendency to  f a l l  a p p rec­
ia b ly  .
6 . F u n ction a l or  O r th o s ta t ic  A lbum inuria.
-o 0o~
There was on ly  one ease o f  th is  n a tu re . There was 
no h is t o r y  o f  n e p h r it is ,  and both  c l i n i c a l  s ig n s  and 
symptoms o f  n e p h r it is  were com p lete ly  a b sen t, but the 
albumin was p e r s is t e n t ly  p resen t in  sm all amounts during 
the day. The b lo o d  was an a lysed  fo r  the phosphorus 
compounds in  order to  see 6-f any changes occu r win the 
p a r t i t io n  o f  the phosphorus compounds. The fo l lo w in g  
changes were n o ted :
Free Phosphoru s .
-o 0 o ~
Whole B lood : The fr e e  phosphorus o f  the w hole b lood
was 4 .8 7  mg. per 100 c . c . *  and th is  i s  17.3 per cen t above 
the normal a v era ge .
Plasma: The fr e e  phosphorus o f  the plasma was 5 .5 7  mg. 
per 100 c . c . »  and th is  i s  4 1 .7  per cen t above the normal 
a v era g e .
Red B lood C orp u sc les : The fr e e  phosphorus o f  the
r e d /
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re d  b lo o d  co rp u scles  was 3 .6  mg. per 100 c . c . ,  and th is  
i s  22.2  per cen t below the normal average.
E ster Phosphorus.
“ C 0 o -
Whole B lo o d : The e s te r  phosphorus was 21 .3  mg. per
100 c . c .  o f  the whole b lo o d , w hich i s  4 .9  per cent below  
the normal avera ge .
Plasma: The e s te r  phosphorus was 0 .4 9  mg. per
100 c .c *  o f  the plasma, w hich i s  30 per cen t above the 
norm al avera ge .
Red B lood C orp u sc les : The e s te r  phosphorus was
5 7 .8  mg. per 100 c . c .  o f  the red  b lo o d  c o r p u s c le s , w hich 
i s  14 per cen t below the normal average.
L ip in  Phosphorus.
” c 0 o ”
Whole B lo o d : The l i p i n  phosphorus o f  the whole b lo o d
was 10.22 mg. per 100 c . c . ,  a d ecrease  o f  2 5 .6  per cen t 
below  the normal average.
Plasma: The l i p in  phosphorus o f  the plasma was 
9 .8 1  mg. per 100 c . e . ,  an in cre a se  o f  8.2 per cen t above 
the normal a v era g e .
Red B lood C orp u sc les : The l i p i n  phosphorus o f  the
red  b lo o d  co rp u sc les  was 10 .9  mg. per 100 c . c . ,  a d e cre a se  
o f  5 3 .1  per cen t below the normal average.




Whole B lood i The t o t a l  phosphorus con ten t o f  the 
whole b lo o d  was found to be 36 .12  mg. per 100 c . e . ,  w hich
i s  10 per cent below the normal le v e l*
Plasma; The t o t a l  phosphorus con ten t o f  the plasna 
was found to  be 15 .87  mg. per 100 c . c . ,  which i s  2 0 .9
per c e n t  above the normal l e v e l .
Red Blood C orp u scles : The t o t a l  phosphorus o f  the
red  b lo o d  co rp u scle s  was fou nd  to  be 7 1 .6  mg. per 100 c . c . ,  
w hich i s  2 4 .7  per cen t below the normal l e v e l .
H aem atocrit F in d in g .
-oO o-
The c e l lu la r  p o r t io n  o f  the whole b lood  was found 
to  be 3 6 .3  c . c .  per 100 c . c . ,  w hich i s  9 .5  per cen t above 
the normal average .
Summary.
—o0o"=
1 . The fr e e  phosphorus was a p p re c ia b ly  in crea sed  in  the 
amount per 100 c . c . ,  o f  the whole b lo o d , m arkedly 
in cre a se d  in  the plasma, and markedly decreased  in  the 
red  b lo o d  c o rp u s c le s . The r e la t io n s h ip  between them 
was d is tu rb e d .
2 .  The e s te r  phosphorus o f  the whole b lo o d  was s l i g h t ly  
d im in ish ed , o f  the plasma a p p recia b ly  in cre a s e d , and 
o f  the red  b lo o d  corp u scles  a p p rec ia b ly  d im in ished in  
the amount per ce n t .
3 .  The l i p i n  phosphorus showed a tendency to  be a p p recia b ly
d im in ish ed /
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diminished in the whole blood, slightly increased 
in the plasma, and very markedly diminished in the 
red blood corpuscles per 100 c.c.
4. The total phosphorus was appreciably decreased in 
the whole blood, appreciably increased in the plasma, 




Among o th er  d ise a se s  s tu d ied  there was a case o f  
lymphadenoma, and the fo l lo w in g  changes in  the p a r t i t io n  
o f  the phosphorus compounds o f  the b lood  were n o te d :
Free Phosphorus.
-oOo-
Whole Blood: The free phosphorus of the whole blood
was 4 .6 6 mg. per 100 c.c., and this is only 2 .1  per cent 
below the normal average.
Plasma: The free phosphorus of the plaana was 4.2 mg. 
per 100 c.c., and this is 7 per cent above the normal 
average.
Red Blood Corpuscles: The free phosphorus of the
red blood corpuscles was 3.79 mg. per 100 c.c., and this 




Whole Blood? The ester phosphorus of the whole 
blood was 19.83 mg. per 100 c.c., which is 11 per cent 
below the normal level.
Plasma: The ester phosphorus of the plasma was
10.36 mg. per 100 c.c., which is 5 .2 per cent below the 
normal level.
Red Blood Corpuscles: The ester phosphorus of the
red blood corpuscles was 57.1 mg. per 100 c.c., which is 
15 per cent below the normal level.
Lipin Phosphorus.
-c0o-
Whole Blood: The lipin phosphorus of the whole blood
was 11.74 mg. per 100 c.c., a decrease of 14.5 per cent 
below the normal level.
Plasma: The lipin phosphorus of the plasma was
6.08 mg. per 100 c.c., a decrease of 32,8 per cent below 
the normal level.
Red Blood Corpuscles: The lipin phosphorus of the
red blood corpuscles was 2 2 .6 mg. per 100 c.c., a decrease 
of only 2 .8 per cent below the:.normal.
Total Phosphorus♦
- o 0 o ”
Whdle Blood: The total phosphorus content of the
whole/
E s te r  Phosphorus.
9 1 .
whole blood was 35.63 mg. per 100 c.c., and this is
1 1 . 1  per cent below the normal average.
Plasma: The total phos phorus content of the plasma
was 10.69 mg. per 100 c.c., and this is 18.5 per cent 
below the normal average.
Red Blood Corpuscles? The total phosphorus content 
of the red blood corpuscles was 83.49 mg. per 100 c.c., 
and this is 12 .2 per cent below the normal average.
Haematocrit Finding.
-o0o~
The cellular portion of the whole blood was found to 
be 34.3 c.c. per 100 c.c., an increase of 3.4 per cent 
of the normal average.
Calcium of the Blood Serum.
-©0o-
The calcium content of the blood serum was found to 
be 9.8 mg. per 100 c.c., which is 8.9 per cent below the 
normal average.
Summary.
- c 0 o “
1. The free phosphorus was within normal limits in the 
whole blood, slightly increased in the plasma, and 
appreciably decreased in the red blood corpuscles per 
100 c.c. The normal relationship between them was 
disturbed/
9 2 .
2. The ester phosphorus showed a tendency to be slightly 
diminished in the whole blood, plasma and red blood 
corpuscles per 100 c.c.
3. The lipin phosphorus suffered an appreciable decrease 
in the whole blood, a marked decrease in the plastga, 
and was within normal limits in the red blood corpuscles 
per 100 c.c.
4. The total phosphorus content showed a tendency to be 
decreased in amount in the whole blood, the plasma, 
and the red blood corpuscles per 100 c.c.
4. The calcium content of the blood serum was decreased 
in amount per 100 c.c.
d is tu r b e d .
8 . The Ehosphorus partition in a Case of Dwarfism and 
Effect of Pituitary Extract on the Same.
-o0o-
This case was a child aet 9^ years who had stopped 
growing normally at the age of 5 years. Her actual height 
was 10 2 .5 cms., whereas the expected height for her age is
128.5 cms. Her actual weight was 16.92 kilograms whereas 
the expected weight for her age is 27.5 kilos. Her field 
of vision was within the limits of normality. All the 
ossification centres of her bones were found practically 
normal. The X-rays photograph of her skull showed no 
abnormality. Goetsche’s Test was within normal limits.
Though/
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Though a l l  the above te s ts  were p r a c t ic a l ly  normal the 
case was con sid ered  as a q u e s tio n a b le  P itu ita r y  Dwarfism. 
As i t  was decided  to  put the p a t ie n t  on P itu ita r y  e x t r a c t ,  
the op p ortu n ity  was taken to  an alyse the b lood  f o r  the 
p a r t i t io n  o f  the phosphorus compounds b e fo re  and a f te r  
the treatm ent o f  2 months' d u ra tion  w ith  the p itu it a r y  
e x t r a c t .
We propose to  d iscu ss  f i r s t  the d i f fe r e n c e  between 
the p a r t i t io n  o f  the phosphorus compounds o f  the b lo o d  
in  the case o f  dwarfism b e fo re  treatm ent w ith  p itu it a r y  
e x t r a c t  and the phosphorus compounds o f  the b lo o d , o f  
the norm al average fo r  c h ild r e n .
Free Phosphorus.
~c0o~
The fr e e  phosphorus o f  the whole b lo o d , the plasma, 
and the r e d  b lo o d  co rp u scle s  was found s l ig h t ly  in crea sed  
in  amount per 100 c . c .  above the normal average f o r  
c h ild r e n . The a c tu a l in cre a se  expressed  in  percentage 
was 5%, 2,5%, and 8% r e s p e c t iv e ly .
E ster Phosphorus.
- c 0o=
The e s te r  phosphorus was a p p rec ia b ly  in crea sed  in  
the amount per 100 c . c .  o f  the whole b lo o d , m arkedly 
in crea sed  in  the amount per 100 c . c .  o f  the plasm a, and 
a p p re c ia b ly  in crea sed  per 100 c . c .  o f  the red b lo o d  
c o r p u s c le s /
9 4 .
c o rp u s c le s  • The a c tu a l in cre a se  expressed  in  
percentage i s  10 . 8$ in  the whole b lo o d , 7 6 .3 $  in  the 
plasm a, and 9 .1 $  in  the red  b lo o d  co rp u sc le s  per 
100 c . c .  above the normal a v era ge .
L ip in  Phosphorus.
-cO o-
The l i p i n  phosphorus o f  the w hole b lo o d , the plasm a, 
and the red  b lo o d  co rp u sc le s  was markedly d im in ished  in  
amount per 100 c . c .  The a c tu a l decrease  expressed  in  
percentage i s  28 $ , 14$, and 4 0 .2 $  r e s p e c t iv e ly  below the 
normal avera ge .
T ota l Phosphorus.
- c 0 o -
The t o t a l  phosphorus con ten t o f  tiie whole b lo o d , the 
plasm a, and the r e d  b lo o d  co rp u sc le s  was s l i g h t ly  d ecreased  
in  amount per 100 c . c .  The a c tu a l decrease expressed  in  
p ercen tage amounted to  2 .8 $ ,  5$ , and 2 .8 $  r e s p e c t iv e ly  
below  the normal average fo r  c h ild r e n .
H aem atoerit F in d in g .
-O0O-
There was no d i f fe r e n c e  between the c e l lu la r  p o r t io n  
o f  the whole b lo o d  in  the case o f  dwarfism and th a t o f  the 
normal average fo r  c h ild r e n .
Calcium/
95.
Calcium o f  the B lood Serum.
” o 0 o ”
Hi© calcium  content o f  the b lo o d  plasma was 9 .9 1  
per 100 c . c . ,  which amount i s  7 .6  per cen t below the 
norm al a v era ge .
Summary .
-oO o -
1 . The fr e e  phosphorus was very  s l ig h t ly  in cre a se d  per 
100 c .c *  o f  the whole b lo o d , the plasma, and the red  
b lo o d  c o rp u s c le s .
2 . Hie e s te r  phosphorus showed, a tendency to  be ap p rec­
ia b ly  in cre a se d  per cen t in  the whole b lo o d , plasma 
and the red  b lo o d  c o r p u s c le s .
3 .  The l i p i n  jbhosphorus showed a tendency to be m arkedly 
dim inished in  amount per 100 c . c .  o f  the whole b lo o d , 
plasm a, and the red  b lood  c o r p u s c le s .
4 .  The t o t a l  phosphorus con tent was s l ig h t ly  decreased  
in  amount per 100 c . c  o f  the whole b lo o d , the plasm a, 
and the red  b lood  c o r p u s c le s .
5 . The ca lciu m  content o f  the b lo o d  plasma showed a tendency 
to  be decreased  in  amount per 100 c . c .
Now we propose to  d iscu ss  the d i f fe r e n c e  between the 
p a r t i t io n  o f  the phosphorus o f  the b lood  in  dwarfism b e fo re  
and a fte r  the a d m in istra tion  o f  p itu ita r y  e x t r a c t  to  the 
p a t ie n t .  R esu lts  are in  Table X.
F ree /
T a b le  X .
The E f f e c t  o f  P i t u i t a r y  E x t r a c t  on t h e  P a r t i t i o n  of Phosphorus o f  Blood in  a
Case of Dwarfism.
Time when '«hole Blood Plasma Corpuscles Haemsb- CaBlood








mgm. per 10 ) c.c. mgm.per LOO c. • ragm. jer IOC1 c.c.
Before Treat­
ment. 4*36 29 .2 24*84 9 . 8 39-13 39-0 4-03 4*7 0.67 7.76 1 2 . 4 6 5.0 13*9 73*4 92.3 33-2 9-91
2 Months after 
Treatment 3*98 2 3 . 6 1 9 . 6 2 1 0* 3 34*2 33*9 3*8 4*1 0-3 8 . 4 12.5 4-5 16.1 79-4 100.0 2 4 . 4 10.9
Difference -8.7/° -19/ -21# +5*3# -12.6fj “13/ -5*7/ -12.8/ -55/ +8 . 2 / 0 -10/ +15. % +8 * 3/ +8.$ -26.51 +10/
P.P. = Pree Phosphorus: P.E.P. = Pree plus Ester Phosphorus: l.P. = Lipin Phosphorus:
T.p. = Total Phosphorus.
96.
-oOo-
Whole Blood: The free phosphorus of the whole blood
was 3.98 mg. per 100 c.c. after theA treatment with 
pituitary extract, which is 8.7 per cent smaller than 
that obtained before treatment.
Plasma; The free phosphorus of the plasma was
3.8 mg. per 100 c.c. after the treatment with the pituitary 
extract, which is 5.7 per cent smaller than that obtained 
before the treatment.
Red Blood Corpuscles: The free phosphorus of the red 
blood corpuscles was 4.5 mg. per 100 c.c., which is 10 
per cent smaller than that obtained before the treatment. 
See chart X.
Ester Phosphorus.
——T— ——' — ”• >—■—— —
-o0o~
Whole Blood: The ester phosphorus of the whole blood
was 19.62 mg. per 100 c.c. after the treatment with the 
pituitary extract, i.e. 21 per cent.below that obtained 
before treatment.
Plasma; The ester phosphorus of the plasma was
0.3 mg. per 100 c.c. after the treatment, which figure 
was 55 per cent below that obtained before treatment.
See Chart X.
Red Blood C orp u sc les ; The e s te r  phosphorus o f  the
red/
Free Phosphoru s .
C lcvU - JÇ
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red  "blood corp u scles  was 7 9 .4  mg. per 100 c . c .  a f t e r  
trea tm en t, which i s  8 .1  per cent above the f ig u r e  ob ta in ed  
b e fo re  treatm ent. See Chart X .
L ip in  Phosphorua.
-oO o-
Whole B lood : The l i p i n  phosphorus o f  the w hole b lo o d
was 10 .3  mg. per cen t a f t e r  treatm ent, an in cre a se  o f
5 .1  per cen t above the value obta in ed  b e fo re  trea tm en t.
Plasma; The l i p in  phosphorus o f  the plasma was
8 .4  mg. per 100 c . c .  a f t e r  treatm ent, an in cre a se  o f
8.2  per cen t above the value ob ta in ed  b e fo re  trea tm en t.
Red Blood C orp u sc les : The l i p i n  phosphorus o f  the
red  b lo o d  co rp u sc le s  was 1 6 .1  mg. per 100 c . c .  a f t e r  
treatm ent, an in cre a se  o f  1 5 .8  per cen t above the value 
ob ta in ed  b e fo re  treatm ent. See Chart X .
T otal Phosphorus.
- o 0 o "
Whole B lo o d : The t o t a l  phosphorus con ten t o f  the
w hole b lood  was 3 3 .9  mg. per 100 c . c .  a f t e r  treatm en t; a 
d ecrease  o f  13 per cen t below the value obta in ed  b e fo re  
trea tm en t.
Plasma: The t o t a l  phosphorus o f  the plasma wa3
1 2 .5  mg. per 100 c . c .  a f t e r  trea tm en t. There was no 
change.
Red B lood C orp u scles : The t o t a l  phosphorus con ten t
o f  the re d  b lo o d  co rp u scles  was 100 mg. per 100 c . c .  a f te r
trea tm en t/
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trea tm en t, an in crea se  o f  8*3 per cen t above the va lue 
ob ta in ed  b e fo re  treatm ent*
H aem atocrlt F in d in g *
•=CO0'”'
The c e l lu la r  p o r t io n  o f  the whole b lo o d  was 2 4 .4  c . c .  
per 100 c .c *  a f t e r  treatm ent, a decrease  o f  2 6 .5  per cent 
below  the value ob ta in ed  b e fo re  treatm ent.
Calcium Content o f  the B lood Serum*
-cQo~
The calcium  con ten t o f  the b lood  serum was 1 0 .9  mg. 
per 100 c . c .  a f t e r  treatm ent, an in cre a se  o f  10 per cent 
above the value ob ta in ed  b e fo re  treatm ent.
Summary«
-cOo-
1 . The fr e e  phosphorus showed a tendency to  decrease in  
amount per 100 c . c .  o f  the whole b lo o d , the plasm a, and 
the red  b lo o d  co rp u sc le s  a f t e r  treatm ent.
2 ,  The e s te r  phosphorus o f  the whole b lo o d  and the plasma 
showed a tendency to  be markedly dim inished in  amount 
per c e n t , whereas the e s te r  phosphorus o f  the red  b lo o d  
co rp u sc le s  a p p rec ia b ly  in cre a se d  in  amount per cen t a f t e r  
treatm ent w ith  p itu ita r y  e x t r a c t .
3* The l i p i n  phosphorus o f  the whole b lo o d , plasm a, and the 
c o rp u sc le s  showed a tendency to  in cre a se  in  amount per 
cen t a f t e r  treatm ent w ith  the p itu ita r y  e x t r a c t .
99.
4 .  The t o t a l  phosphorus con ten t was a p p re c ia b ly  d im in ished 
per 100 c . c .  o f  the w hole b lo o d , u n a ltered  per 100 c . c .  
o f  the plasma, and in crea sed  per 100 c . c .  o f  the red  
b lo o d  co rp u sc le s  a f t e r  treatm ent.
5 .  The c e l lu la r  p o r t io n  o f  the whole b lood  was markedly 
dim inished a f t e r  treatm ent.
6 . The calcium  content o f  the b lo o d  plasma was in crea sed  
a f t e r  treatm ent.
1 0 0 .
-cGo~
One o f  the moat s ig n i f i c a n t  o b se rv a tio n s  f o r c in g
i t s e l f  in to  prominence from our r e s u lt s  on the p a r t i t io n
o f  the phosphorus compounds o f  the b lood  in  d isea se  i s
th a t  a l l  the phosphorus f r a c t io n s  are d e f in i t e ly  a f fe c t e d
by the d isea se  though the in d iv id u a l changes v a ried
g r e a t ly  in  the d i f f e r e n t  d is e a s e s . o f  the fr e e  phosphorus,
e s t e r  phosphorus, and the l i p i n  phosphorus f r a c t io n s  o f  the
r e d  b lo o d  c e l l s  the e s te r  phosphorus f r a c t io n  showed the
g r e a te s t  amount o f  s t a b i l i t y .  In h ea lth y  c h ild r e n , we
dem onstrated that the e s te r  phosphorus as w e ll  as the
l i p i n  phosphorus o f  the red  b lo o d  co rp u sc le s  were con stan t
in g re d ie n ts  o f  the c o r p u s c le s , b u t , in  d is e a s e , the e s te r
phosphorus f r a c t io n  appeared to  s u ffe r  le s s  a l t e r a t io n
than the l i p i n  phosphorus f r a c t i o n ,  which alm ost in v a r ia b ly
s u f fe r e d , per u n it  volume o f  the c o r p u s c le s . P r ice  and
(84)
Jones (1910) dem onstrated th a t  in  d ise a se  the red  b lo o d
co rp u sc le s  were la r g e , the average volume c f  a c e l l ,
(85)
a cco rd in g  to  Haden (1925) b e in g  1.42 tim es g rea ter  than the 
norm al average volum e. Larger c e l l s  would in d ic a te  a 
sm a ller  su r fa ce  area per u n it  volume o f  c e l l s ,  and a sm aller 
t o t a l  volume o f  the su rfa ce  f i lm  w ith  a r e la t iv e ly  la rg e r  
volume o f  those con stitu e n ts  w hich do n o t  occupy the s u r fa c e . 
Thus th is  would support the su g g estion  th a t the p h osph oric  
e s te r s  were n ot on the su rface  o f  the c e l l s ,  tu t  in  the
i n t e r i o r /
General D is c u s s io n .
1 0 1 .
i n t e r i o r , which would he the o p p o s ite  o f  the haem oglobin
(86)
in d ic a te d  by the experim ents o f  Barker (1922) and 
(87)
Emmons (1927) who b e lie v e d  that the pigment was d is ­
t r ib u te d  s u p e r f i c ia l l y  over  the c e l l s .  S im ila r ly  G arter 
(88)
and Grendel (1925) s ta te d  th at the su r fa ce  o f  the red  
b lo o d  co rp u sc le s  i s  covered  by a la y e r  o f  the l i p i n  m ole­
cu le s  w hich were 2 m olecu les  th ic k , and i t  w ould fo l lo w  
from th is  that the sm aller the su r fa ce  o f  the red  b lood  
co rp u sc le s  the few er the l i p i n  m olecu les  per u n it  volume .
I f  th is  were tru e  both  o f  the e s te r  phosphorus f r a c t io n  and 
the l i p i n  m olecu les  i t  w ould n ot be id le  to  su ggest th a t 
( 1) the e s te r  phosphorus f r a c t io n ,  b e in g  s itu a te d  in  the 
in t e r io r  o f  the c e l l s ,  w ould be le s s  l i k e ly  a f f e c t e d ?f o r , 
w ith in  l im it s ,  the few er the r e d  b lo o d  c e l l s  the greater  
th e ir  s i z e ,  and they cou ld  thus accommodate r e la t iv e ly  
g re a te r  amounts o f  the ph osphoric  e s t e r s .  (2) The amount 
o f  the l i p i n  phosphorus w ould depend d i r e c t ly  upon the 
sum t o t a l  o f  the su rface  o f  the c e l l s ,  and (3) the l i p in  
phosphorus b e in g  lodged on the su r fa ce  o f  the c e l l s  m ight 
fu r th e r  account f o r  i t s  l a b i l i t y ,  f o r  i t  w ould be more 
l i k e l y  than n o t , th at under the s t r e s s  o f  d is e a s e , the 
s u p e r f i c ia l  la y e rs  o f  the re d  b lood  co rp u scles  would be 
the f i r s t  to  bear i t s  b ru n t.
We propose to  attem pt group ing , and d is cu s s in g  
v a riou s  d isea ses  a ccord in g  to  the ph osphoric  changes o f  
the b lo o d .
F re e /
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In acute n e p h r it is ,  te ta n y , id io p a th ic  co n v u ls io n s , 
ununited  fr a c tu r e  o f  t i b i a ,  and o r t h o s t a t ic  album inuria 
the fr e e  phosphorus was in crea sed  u n iform ly  in  the amount 
per 100 c . c .  o f  the whole b lo o d , the plasma, and the 
c o r p u s c le s , ex cep t  in  the case o f  o r t h o s t a t ic  album inuria 
where i t  was in crea sed  both  in  the whole b lo o d , and the
plasm a, bu t showed e q u a lly  marked decrease in  the c o r p u s c le s .
\
On the o th er  hand, in  D iabetes m e i l l t u s ,  purpura s im p lex ,
and r ic k e t s  the free  phosphorus was decreased  in  the amount
by more than 15 per cen t below the normal avera ge . See
Table X I . In the case o f  lymphadenoma, dw arfism , and
secondary anaemia the fr e e  phosphorus f r a c t io n  was w ith in
the lim it s  o f  norm ality  excep t in  the c&ae o f  lymphadenoma
in  w hich the fr e e  phosphorus o f  the red b lo o d  co rp u sc le s
showed an a p p recia b ly  d rop . See Chart X I.
Ester Phosphorus:
——— »«■——   .
The e s te r  phosphorus o f  the whole b lo o d , plasma and 
the red  b lo o d  co rp u scle s  showed no u n ifo rm ity  in  the 
in cre a se  or d ecrease  per ce n t . Thus, the ea ter  phosphorus 
o f  the whole b lo o d  was 10 per cen t o r  more below the normal 
average in  the case o f  id io p a t ic  co n v u ls io n s , secondary 
anaemia, purpura s im p lex , and lymphadenoma. Only in  the 
case o f  dwarfism d id  i t  r i s e  over 10 per cen t above th e  
normal le fc e l . In  a l l  the o th er d isea ses  re p o rte d  h ere  
i t  was le s s  than 10 per cent above or  below the normal 
a v era g e . The e s te r  phosphorus f r a c t io n  o f  the plasma 
i s /
Free Phosphorus:
arable X I .
R e s u lt s  ex p re ssed  in  Percentage.
W hole Blood Plasma .. ___________________ -...... -
I............ .Haema- Qa.
Diseases.
P.P. L.P, E.P. T.P. P.P. L.P. E.P. T.P. p.p. L.P. E.P . T.P.
tocrit Ser- 
RBC s um •
1. Normal Average (10) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2.Average for Acute 
Nephritis (8) 119.0 90.0 93-3 95.2 119.0 97-7 113.1 106.4 120.9 86.7 104*5 101.0 90.5 89.1
3 .Average for Inf.
Pet any (5) 120. 72.5 95-6 90.4 120.8 7 1 .6 79.0 87.5 1 1 8 .7 75-o 99.0 94-1 96.0 53-4
4 .Average Diabetes 
Me 11itus (4) 8 3 .7 74.3 96.8 88.2 85-3 101.5 126.3 100.0 79 .5 51.5 91.3 81.0 105.5 100.0
5 .Average for Idiop. 
Convulsions (2) 142.0 77.4 81.6 86.9 141.0 69.2 140.0 94.1 151.0 100.0 100.0 102.0 80.3 -
6.Average for See. 
Anaemia (3) 100.0 76.5 88.0 86.5 100.0 94.5 73-7 96.8 100.0 71.0 117.0 104-9 75.8 95-7
7«Purpura Simplex (1) 78 .1 66.0 77.5 74.0 84-5 79-5 100.0 81.0 66.4 59- 89-7 81.0 85.2 103.0
8*Ununited Practure of 
Tibia (1) 147-0 96.4 103.I 105.7 1 30 .5 59-6 808.0 103.6 170*6 120.8 91.0 102.1 LÔ4-0 103.4
9.Rickets (1) 77-4 88.0 92.1 89.6 84.5 94.4 52.7 92.0 62.7 84-3 96.1 91.6 95-7 75-9
10 .Punctional Albumin­
uria (1) 1 1 7 .3 74.4 95-1 90.0 1 4 1 .7 108.2 /30.0 120.9 77-8 46.9 86.0 75-3 109-5 -
11 .Lymphademoma (1) 97-9 85-5 89.0 88.9 107.0 67.2 94-8 8 1.5 81.9 97.2 85-0 87-8 103.4 91.1
12.Dwarfism (1) 105.0 72.0 110.8 97-2 102.5 86.0 176.3 95.0 108.0 59-8 109.1 97.2 100.0 92.4
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103.
i s  very  sm all in  amount* but i t  showed g re a t  f lu c tu a t io n s  .. 
Thus, in  acu te n e p h r it is ,  d ia b e te s  m e l l i t u s ,  id io p a th ic  
c o n v u ls io n s , ununited fra c tu re  o f  t i b i a ,  o r t h o s t a t ic  
a lbum inuria , and dwarfism i t  r o se  more than 10 per cen t 
above the normal l e v e l .  In  secondary anaemia, and 
r ic k e t s  i t  was more than 10 per cen t below the normal
PU.£PuuR£| Sl i HfLEx
l e v e l .  Only in  the case o f  s«inan*I&»y^>snsmia, and 
lymphadenoma was i t  w ith in  the normal l i m i t s .  The e s te r  
phosphorus f r a c t io n  o f  the red  b lo o d  co rp u sc le s  showed a 
tendency to  be f a i r ly  con sta n t. But, how ever, i t  ro se  
by more than 10 per cen t above the normal l e v e l  in  
secondary anaemia. In purpura sim plex , o r t h o s t a t ic  
album inuria , and lymphadenoma i t  f e l l  by more than 10 per 
cen t below the normal l e v e l .  In  a l l  the o th er  d ise a se s  
i t  f lu c tu a te d  by le s s  than 10 per cent above o r  below  the 
norm al. See Chart X I I .
L ip in  Phosphorus:
The l i p i n  phosphorus f r a c t io n  o f  the whole b lo o d , 
the plasma, and the red  b lood  co rp u sc le s  s u ffe r e d  the 
h e a v ie s t  l o s s .  Thus, the l i p in  pho3phoru3 f r a c t io n  o f  
the whole b lo o d  f e l l  by more than 10 per cen t below the 
normal le v e l  in  acute n e p h r it is ,  in fa n t i le  te ta n y , d ia b e te s  
m e l l i t u s ,  id io p a th ic  co n v u ls io n s , secondary anaemia, 
purpura s im p lex , r i c k e t s ,  o r th o s t a t ic  a lbum inuria , lympha­
denoma, and dwarfism . I t  was w ith in  normal l im it s  on ly  
in  the case o f  ununited fra c tu re  o f  t i b i a .  L ip in
Phosphorus/
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phosphorus fr a c t io n  o f  the plasma s u ffe r e d  s im ila r ly  
though le s s  e x te n s iv e ly . I t  was more than 10 per cent 
below  the normal le v e l  In in fa n t i l e  te ta n y , id io p a th ic  
c o n v u ls io n s , purpura sim plex , ununited fr a c tu r e  o f  t ih ia e ,  
lymphadenoma, and dw arfism . I t  was w ith in  the l im it s  
o f  n orm ality  in  acu te  n e p h r it is ,  d ia b e tes  m e l l l t u s ,  
secondary anaemia, r i c k e t s ,  and o r th o s t a t ic  a lbum inuria .
The l i p in  phosphoric f r a c t io n  o f  the re d  b lood  co rp u sc le s  
was found decreased by more than 10 per cen t below  the 
normal l e v e l  in  acu te  n e p h r it is ,  in fa n t i le  te ta n y , d ia b etes  
m e ll i t u s ,  secondary anaemia, purpura s im p lex , r i c k e t s ,  
o r t h o s t a t ic  album inuria, and dw arfism . Only in  the case 
o f  ununited fra c tu re  o f  t i b i a  d id  i t  show an in cre a se  o f  
20 per cen t above the normal l e v e l .  In id io p a th ic  
con vu ls ion s  and lymphadenoma i t  was w ith in  the normal 
l im i t s .  See Chart X I I I .
T ota l Phosphorus;
The t o t a l  phosphorus con ten t o f  the whole b lo o d ,  the 
plasma, and the red b lood  co rp u sc le s  kept w ith in  10 per 
cent above or below the normal le v e l  in  most o f  the d is e a s e s .  
The t o t a l  phosphorus con tent o f  the whole b lood  was more 
than 10 per cent above the norm al le v e l  on ly  in  the case 
o f  o r t h o s t a t ic  a lbum inuria . I t  was more than 10 per 
cen t below the normal le v e l  In in fa n t i le  te ta n y , purpura 
s im p lex , and lymphadenoma. In a l l  the o th er  d ise a se s  i t  
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f /J  T ^ î y y  ~ \^ yrT A ^ n-ÿ^ y^
\-b) í2?m ?iTV '*t^rr^i




iz]<-̂ iyivp\wjy iô yŷ
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The t o t a l  phosphorus con ten t o f  the plasma was over 
10 per cent above the normal l e v e l  on ly  in  the case 
o f  o r th o s t a t ic  album inuria . In in fa n t i le  te ta n y , 
purpura sim p lex , and lymphadenoma i t  was more than 10 
per cen t below the normal l e v e l .  The t o t a l  phosphorus 
con ten t o f  the corp u scles  was more than 10 per cen t below 
the normal le v e l  in  d ia b etes  m e l l i t u s ,  purpura s im p lex , 
o r t h o s t a t ic  album inuria, and lymphadenoma. In a l l  the 
o th e r  d isea ses  i t  was le s s  than 10 per cen t above o r  
below the normal l e v e l .  See Chart XIV.
H aem atocrit;
The c e l lu la r  p o r t io n  o f  the whole b lo o d  was more than 
10 per cen t below the normal l e v e l  on ly  in  id io p a th ic  
co n v u ls io n s , secondary anaemia, and purpura s im p lex . In 
the oth ers  i t  was le s s  than 10 per cent above o r  below 
the norm al. See Chart XV.
Calcium Content o f  the Blood Serum:
The calcium  con ten t o f  the b lo o d  serum was more than 10 
per cent below  the normal l e v e l  in  acute n e p h r it is ,  in fa n t i le  
te ta n y , and r i c k e t s .  In the o th ers  i t  was w ith in  10 per 
cen t above o r  below the normal l e v e l .  See Chart XVI.
Conclusions.
- o 0 o “
1 .  In  a l l  the d isea ses  stu d ied  marked changes in  the p a r t i t io n  
o f  the phosphorus compounds o f  the b lo o d  o ccu rre d .
2 ,  The changes which occu rred  were not id e n t ic a l  in  a l l  the
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d ise a se s  s tu d ie d , but the most freq u en t and marked 
changes, r e la te d  to the fr e e  phosphorus and the l i p l n  
phosphorus fr a c t io n s *
3 .  In no d isea se  was there any in cre a se  in  the t o t a l  
phosphorus con ten t o f  the whole b lo o d , but m erely a 
r e d is t r ib u t io n .  There i s  a tendency fo r  the t o t a l  
phosphorus con ten t o f  the whole b lo o d  to d im in ish  in  
amount during d is e a s e .
4 .  In  8 ou t o f  11 d isea ses  stu d ied  the fr e e  phosphorus 
f r a c t io n  showed a b n orm a lities  in  the amount in  one or  
o th er  d i r e c t io n .
5 . The e s te r  phosphorus o f  the red b lo o d  co rp u sc le s  shows 
a tendency to  remain con sta n t in  amount du rin g  the 
d is e a s e .
6 . The e s te r  phosphorus o f  the plasma shows a g rea t  
tendency to  change in  e it h e r  d i r e c t io n .
7 .  The c e l lu la r  p o r t io n  o f  the whole b lo o d  showed a 
tendency to  f a l l  during the course o f  some o f  the 
d is e a s e s .
8 . Calcium content o f  the b lo o d  serum showed a tendency
to  f a l l  in  acute n e p h r it is ,  in fa n t i le  tetany and r i c k e t s .
10 7 .
P A R T  IV.
The Effect of Deep X-rays Therapy on the Partition of 
the Phosphorus Compounds of the Blood in 
Different Diseases.
-oOo-
In the course of the present study of the distribution 
of the phosphorus of the blood in health and disease, it 
happened that the blood for phosphorus compounds in the 
case of lymphadenoma was examined on two different 
occasions. While comparing these results we were impressed 
with the marked changes that took place in the lipin 
phosphorus of the plasma, and in the red blood corpuscles. 
There seemed to have occurred a shift of the llpin 
phosphorus of the red blood corpuscles into the plasma. 
Knowing that the patient had received a therapeutic dose 
of X-rays soon after the first analysis of the blood the 
question naturally arose as to whether this redistribution 
of the phosphorus compounds might be directly due to the 
effect of X-rays. Within a couple of months the patient 
was due to have another treatment with X-rays, and that 
opportunity was taken to confirm our suspicion* The 
experiment was repeated, and practically the same changes 
were observed to t ake place in the phosphorus compounds - 
especially in the lipin phosphorus - of the blood. In 
order to test the verity of these findings further, we 
decided to extend this study to some other cases treated 
with X-rays irradiation* Soon afterwards we had an
opportunity/
1 0 8 .
opportunity to carry out the same experiment on the 
blood oi a case suffering from haemangioma of the thigh.
The results were again very similar to those previously 
obtained.
It was felt that these changes might be more marked 
in a case of intense X-rays therapy e.g. deep X-rays, and, 
through the courtesy of Dr. S.D.Scott Park of the Western 
Infirmary, Glasgow, we were enabled to repeat out examin­
ations of the blood in a case of carcinoma of the mamma 
and one suffering from a cerebral cyst. It seemed all 
the more Important to extend our investigations as a search 
of the literature only revealed one reference to this aspect 
of the subject.
The procedure adopted for the experiments was exactly 
the same in all of them. First, a specimen of blood was 
obtained from a vein in the arm of each patient after a 
whole night5s starvation, and all the estimations of the 
phosphorus compounds were carried out immediately. At 
varying intervals after the patients had been exposed to 
deep X-rays irradiation another specimen of blood was 
obtained under the same condition as on the first occasion, 
and analysis proceeded with at once.
In view of the fact that these 4 patients were suffer­
ing from different pathological condition, and in case 
that the disease Itself might have influenced the phosphorus 
partition, and caused a different change, it is proposed 
to/
109.
to  ta k e , and d iscu ss  the f in d in g s  o f  each one in  tu rn .
The r e s u lt s  o f  a l l  the experim ents are in  Table X II .
Lymphadenoma.
-OOO”
The r e la t iv e  changes in  the p a r t i t io n  o f  the phos­
phorus compounds o f  the b lo o d  in  th is  case o f  lympha- 
denoma in  com parison w ith  the standard o f  n orm a lity  were 
d iscu sse d  f u l l y  on the pages 8 9 , ® 0, $l,atid 9 2 .
In the two independent experim ents on the a c t io n  o f  
X-rays therapy on the p a r t i t io n  o f  the phosphorus compounds 
in  the b lood  the fo l lo w in g  changes were ob serv ed : ( i t  as 
w e ll  to  bear in  mind that f o r  the ensuing com parison 
between d i f f e r e n t  fr a c t io n s  o f  the phosphorus compounds 
the r e s i i l t s  from the f i r s t  specim en o f  the b lo o d  are used 




The fr e e  phosphorus was found to  be very s l ig h t ly  
d im in ished in  amount per 100 c . c .  o f  the whole b lo o d , the 
plasma, and the red  b lood  co rp u sc le s  a f t e r  the a p p lic a t io n  
o f  X-rays ir r a d ia t io n .  The a ctu a l decrease  in  the amount 
was 1*9$ , 2 .3 $ , and 1 .5$  r e s p e c t iv e ly .
E s te r /
of Phosphorus compounds in the 
  _____    _  Blood.___________
TABLE x i l .  -  The E f f e c t  o f  X -r a y  Therapy on th e  p a r t i t i o n
NAME & AGE. TIME WHEN - 
BLOOD e x a - 
m i » .
!w h o l e  b l o o d .
■4
P L A 3 M A. C O R P U S C L E S . 'Haema-
tocrit.
R.B.Cs %P.P. F.E.P. E.P.
¡Comb. 
L.P.| T.P.
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P.P. - Free phosphorus; F.E.P, - Free plus este phosphorus; L.P. - Lipin Phosphorus; T.P, - Total Phosphorus content
1 1 0 .
-oQ©~
The e s te r  phosphorus was found to  be s l i g h t ly  
in cre a se d  in  amount per 100 c . c .  o f  the w hole b lo o d , the 
plasm a, and the red  b lood  c o rp u s c le s  a f t e r  X-rays ir r a d ­
ia t i o n .  The a c tu a l in crea se  ex p ressed  in  percentage 
was 8.3/6, 14$, and 6 . 6$ r e s p e c t iv e ly .
L ip in  Phosphorus.
-oO o-
Whole B lood ; Hie l i p in  phosphorus o f  the w hole b lood  
was 10.75 mg. per 100 c . c .  a f t e r  the i r r a d ia t io n ,  and th is  
i s  8 .4  per cen t below  the c o n t r o l  v a lu e .
Plasma: The l i p i n  phosphorus o f  the plasma was found
to  be 7 .1 5  mg. per 100 c . c .  a f t e r  the i r r a d ia t io n ,  and 
th is  i s  1 7 .8  per cen t above the c o n t r o l .
Red B lood C orp u sc le s : The l i p in  phosphorus o f  the
red  b lo o d  co rp u sc les  was found to  be 17 .5  mg. per 100 c . c . ,  
and th is  i s  22.6  per cent below  the c o n t r o l .
Total Phosphorus.
- o 0o -
The t o t a l  phosphorus con ten t was s l i g h t ly  in crea sed  
in  amount per 100 c . c .  o f  the whole b lo o d , a p p re c ia b ly  
in crea sed  in  the plasma, and very  s l i g h t ly  decreased  in  
the red b lo o d  co rp u sc le s  per c e n t . The a c tu a l in cre a se  
expressed  in  percentage was 1 . 6$ f o r  the whole b lo o d , and 
8 ,6 $ /
E s te r  Phosphorus.
I l l  •
8.6$ for the plasma. The actual decrease in the red 
blood corpuscles was 1.6$.
Haematocrit Finding.
~o0o-
There was no appreciable change in the cellular 




1. The free phosphorus was very slightly decreased in the 
amount per cent of the whole bloody the plasma, and the 
red blood corpuscles.
2. Hie ester phosphorus was appreciably increased in amount
per cent of the whole blood, and the plasma, and slightly
increased per cent in the red blood corpuscles.
3. The lipin phosphorus was appreciably decreased in the 
whole blood, and markedly so in the red blood corpuscles 
per cent, whereas it increased markedly in the plasma 
per cent.
4. The total phosphorus content was slightly increased in
the whole blood, and the plasma, whereas slightly decreased
in the red blood corpuscles per cent.
Experiment/
1 1 2 ,
- o O o ”"
In this experiment the blood was analysed twice after 
the X-ray^irradiation, but as the results of both of them
were similar, only the results of the analysis of blood
5 days after irradiation will be discussed here.
Free Phosphorus.
-»oOo-
Whole Blood: Hie free phosphorus of the whole blood
was 4.09 mg. per 100 c.c. 5 days after the administration 
of X-rayr irradiation, which is 6.5 per cent above the 
control value.
Plasma : Hie free phosphorus of the plasma was 3.9 mg.
per 100 c.c«, which is exactly the same as that of the control.
Red Blood Corpuscles: Hie free phosphorus of the red
blood corpuscles was 4.5 mg. per 100 c.c., which is 21.6 
per cent above the control value.
Ester Phosphorus.
- c 0 o “
Whole Blood: Hie ester phosphorus of the whole blood
was 20.71 mg. per 100 c.c., which is 8 per cent above the 
control.
Plasma : Hie ester phosphorus of the . plasma was 0.45 mg.
per 100 c.c*, which is 28.5 per cent above the control value.
Red Blood Corpuscles: Hie ester phosphorus of the red 
b lo o e y
Experiment 2 .
1 1 3 .
b lo o d  co rp u sc le s  was 62 .4  mg. per 100 c . c . ,  w hich i s  3 .8  
per cen t below the c o n tr o l  v a lu e .
L ip in  Phosphorus_.
-oO o-
Whole B lood : The l i p in  phosphorus o f  the w hole b lood
was 12.8  mg. per 100 c . c . ,  i . e .  2 .6  per cen t above the 
c o n tr o l  v a lu e .
Plasma: The l i p i n  phosphorus o f  the plasma was 10 .85  mg.
per 100 c . c . ,  or  2 1.2  per cen t above the c o n tr o l  v a lu e .
Red Blood C o rp u sc le s : The lif> in  phosphorus o f  the
red  b lo o d  co rp u sc le s  was 16 .8  mg. per 100 c . c . ,  i . e .  20 per 
cent below  the c o n t r o l  v a lu e .
T ota l Phosphoru s .
-cO©“*
Whole Blo o d : Hie t o t a l  phosphorus con ten t o f  the whole
b lo o d  was 3 7 .6  mg. per 100 c . c . ,  which i s  6 per ce n t  above 
the c o n t r o l  v a lu e .
Plasmas The t o t a l  phosphorus o f  the plaana was 15 .2  mg. 
per 100 c . c . ,  which i s  15 .1  per cen t above the c o n t r o l  v a lu e .
Red B lood C o rp u sc le s : The t o t a l  phosphorus con ten t o f
the red b lo o d  co rp u scles  was 8 3 .7  mg. per 100 c . c . ,  which 
i s  6.5  per cen t below  the c o n t r o l  v a lu e .
Haemato c r i t  F in d in g .
-oOo-
The cellular portion of the whole blood was 32.7 c-c.
p e r /
1 1 4 .
per 100 c . c . ,  w hich i s  12 .3  per ce n t  above the c o n t r o l  
v a lu e .
Summary.
-cG o-
1 . The fr e e  phosphorus showed a tendency to  in cre a se  in  
amount per 100 e . c .  o f  the w hole b lo o d , and the red  b lo o d  
c o r p u s c le s . In  the plasma I t  remained co n s ta n t .
2 .  The e s te r  phosphorus showed a tendency to  r i s e  in  the 
whole b lo o d , and the plasma per 100 c . c . ,  and in  the 
co rp u sc le s  i t  s l i g h t ly  f e l l  In  amount per 100 c . c .  a f t e r  
the a p p lic a t io n  o f  X -ray i r r a d ia t io n .
3 .  The l i p i n  phosphorus showed a tendency s l i g h t ly  to  r i s e
in  the whole b lo o d , a p p recia b ly  In  the plasma, and f e l l
m arkedly in  the red  b lood  co rp u sc le s  per 100 c . c .  a f t e r  
the i r r a d ia t io n .
4 .  The t o t a l  phosphorus con ten t showed a tendency to  r is e
in  the whole b lo o d , and the plasma, and to  f a l l  in  the
red  b lo o d  co rp u sc le s  per 100 c . c .
5 . The c e l lu la r  p o r t io n  o f  the whole b lo o d  showed a tendency 
to  r i s e  a f t e r  the treatm ent.
Experim ent 5 .
- c 0o -
This p a tie n t  was s u f fe r in g  from haemangioma o f  the 
th ig h . The b lo o d  a n a ly s is  was done b e fo re  the a p p lic a t io n  
o f  X-rayy therapy, and i t  was done a ga in  33 hours a f t e r  X-rayr 
i r r a d ia t io n /
115.
i r r a d ia t io n .  From the two o b se rv a t io n s  the fo l lo w in g  
changes appeared in  t&e p a r t i t io n  o f  the phosphorus 
compounds in  the b lo o d  a f t e r  the i r r a d ia t io n .
Free Phosphorus.
-cO o -
Whole B loody The fr e e  phosphorus o f  the whole b lo o d  
was 3 .5 4  mg. per 100 c . c .  a f t e r  treatm ent and th is  i s  13 .2  
per ce n t  below the c o n tro l v a lu e .
Plasma: The fr e e  phosphorus o f  the plasma was 3 .8 5  mg.
per 100 c . c .  a f t e r  treatm ent, and th is  i s  7 .2  per cent below  
the c o n t r o l  v a lu e .
Red Blood C orp u scle s : The fr e e  phosphorus o f  the red
b lo o d  co rp u sc le s  a f t e r  the treatm ent was 2 .9  mg. per 100 c . c . ,  
and th is  i s  2 5 .6  per cent below the c o n t r o l  v a lu e .
E ster  Phosphorus.
- o 0 o -
Whole B lood : The e s t e r  phosphorus o f  the w hole b lo o d
a f t e r  the treatm ent was 21 .46  mg. per 100 c . c . ,  and th is  i s  
a decrease o f  6 .7  per c e n t .
Plasma: The e s te r  phosphorus o f  the plasma a f t e r  t r e a t ­
ment was 0 .4 5  mg. per 100 c . c . ,  and th is  i s  3 6 .3  per cen t 
above the c o n t r o l  v a lu e .
Red Blood C orp u sc les : The e s te r  phosphorus o f  the re d  b lood
co rp u sc le s  was 62.7 mg. per 100 c . c . ,  and th is  i s  1 .7  per 
cen t below the c o n tr o l  v a lu e .
L ip in /
116.
-oOo-
Whole Blood: The lipin phosphorus of the whole blood
after treatment was 1 1 . 1  mg. per 100 c.c., which is 13.2 
per cent below the control value.
Plasma : The lipin phosphorus of the plasma after treat­
ment was 9.4 mg. per 100 c.c., and this is 7.8 per cent 
above the control value.
Red Blood Corpuscles: The lipin phosphorus of the
red blood corpuscles after treatment was 14*54 mg. per 
100 c.c., and this is 27.7 per cent below the control value.
Total Phosphorus.
-cO o-
Whole Blood: The total phosphorus content of the whole
blood after treatment was 36.1 mg. per 100 c.c., and this 
is 9.5 per cent below the control.
Plasma : The total phosphorus content of the plasma
after treatment was 13.7 mg. per 100 c.c., and this is 3.7 
per cent above the control.
Red Blood Corpuscles: The total phosphorus content of
the red blood corpuscles after treatment was 80.14 mg. per 
100 c.c., and this is 8.7 per cent below the control.
Haematocrit Finding.
-o0o-




per cent helow the control.
Summary.
-oOo-
1. The free phosphorus showed a tendency to diminish in 
amount per 100 c.c., of the whole blood, the plasma, and 
the red blood corpuscles after treatment with X-ray? 
irradiation.
2. The ester phosphorus showed a tendency to diminish in 
amount in the whole blood, and the red blood corpuscles, 
and to increase in the plasma per 100 c.c., after treat­
ment.
3. The lipin phosphorus showed a tendency to fall in amount 
in the whole blood, and the red blood corpuscles, and
to rise in amount in the plasma per 100 c.c., after 
treatment.
4. The total phosphorus content showed a tendency to diminish 
in the whole blood, and the red blood corpuscles, and to 
rise in amount in the plasma per 100 c.c. after treatment.
5. The cellular portion of the whole blood showed a tendency 
to diminish in amount per cent after treatment.
treatment was 33.7 c.c. per 100 c.c., and this is 5.3
Experiment 4 .
-cO o-
This experiment was carried out on an adult patient,
aet/
1 1 8
aet 60 years, suffering from carcinoma of the breast. The 
blood was analysed, then deep X-rayy therapy was applied, 
and 46 hours later another analysis of the blood was done.
The phosphorus compounds of the blood in case of 
carcinoma differed from the average for normal adults in 
the following directions:
(1) The free phosphorus of the plasm of the whole blood, 
and of the red blood corpuscles was within the limits of 
normality.
(2) The ester phosphorus of the red blood corpuscles was 
33 per cent above the average for normal adults,
(3) The lipin phosphorus of the plasma was 30 per cent, 
and that of the red blood corpuscles 15.5 per cent below 
the average for normal adults.
(4) The cellular jbortion of the whole blood was 8.3 
per cent below the normal average for adults.
The following changes in the partition of the phos­
phorus compounds of the blood in the case of c aroinoma were 
noted after deep X=rayStherapy.
Free Phosphorus.
-oOo-
Whole Blood: The free phosphorus of the whole blood
after treatment was 2.99 mg. per 100 c.c., an amount 0.6 
per cent below the control value.
Plasma: The free phosphorus of the plasma after
treatment was 2.4 mg. per 100 c.c., i.e. 17 per cent below 
the/
Red Blood Corpuscles: The free phosphorus of the red
blood corpuscles after treatment was 3.9 mg. per 100 c.c., 
which is 14.7 per cent above the control value.
Ester Phosphorus.
-oOo-
Whole Blood: The ester phosphorus of the whole blood 
after treatment was 27.41 per 100 c.c., which is 1.3 per 
cent below the control value.
Plasma: The ester phosphorus of the plasma after
treatment was 0.4 mg. per 100 c.c., representing 100 per 
cent above the control value.
Red Blood Corpuscles: The ester phosphorus of the red
blood corpuscles after treatment was 6 8 .6 mg. per 100 c.c.,
i.e. 2 .8 per cent below the control value.
Lipin Phosphorus.
-o0o”
Whole Blood: The lipin phosphorus of the whole blood
after treatment was 9.3 mg. per 100 c.c., or 3.3 per cent 
above the control.
Plasma: The lipln phosphorus of the plasma after
treatment was 7.2 mg. per 100 c.c., or 44 per cent above 
the control value.
Red Blood Corpuscles: The lipin phosphorus of the red
blood corpuscles after treatment was 12.5 mg. per 100 c.c., 
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Ihole Blood; The total phosphorus content of the 
whole blood» after treatment, was 39.7 mg. per 100 c.c.»
i.e. there was no change.
Plasma: The total phosphorus content of the plasma,
after treatment, was 1 0 .0 mg. per 100 c.c.» i.e. an increase 
of 24 per cent.
Red Blood Corpuscles: The total phosphorus of the red
blood corpuscles, after treatment, was diminished in amount 
by 4.5 per cent.
Haematocrlt Finding.
-c0o“
There was no change in the cellular portion of the 
whole blood after treatment.
Summary.
”O0o“
1. The free phosphorus remained the same in the whole blood, 
decreased in the plasma, and increased in the red blood 
corpuscles after deep X-=rayr irradiation.
2. The ester phosphorus slightly diminished in the whole 
blood, was doubled in the plasma, and slightly diminished 
in amount per 100 c.c. of the red blood corpuscles after 
treatment.
3. Lipin phosphorus slightly increased in the whole blood, 




In the red blood corpuscles per 100 c.c. after 
treatment.
4. The total phosphorus content remained stationary in 
the whole blood, showed a tendency to increase in the 
plasma, and was slightly diminished in the red blood 
corpuscles per 100 c.c. after treatment.
Experiment 5.
"CGo”
The patient was an adult, aet 33 years, suffering 
from a cerebral cyst. The blood was analysed, as a 
control, just before deep X-rays therapy was applied, and 
again 3 days after the treatment.
The partition of the phosphorus compounds of the 
control sample of blood differed from the normal average 
for the adults in the following manner:
(1) The free phosphorus of the control blood was within 
the limits of normality.
(2) The ester phosphorus of the plasma was within the 
normal limits, and that of the red blood corpuscles was 
found to be 5 per cent below the normal average for adults.
(3) The lipin phosphorus of the plasma was within normal 
limits, and that of the corpuscles was 23.3 per cent above 
the normal average for adults.
(4) The cellular portion of the whole blood was 22.5 per 
cent below the normal average for adults.
The/
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The following changes in the partition of the phos­
phorus compounds of the blood in the case of cerebral 
cyst occurred as the result of deep X-rayi therapy, and 
in comparison with the partition of the phosphorus compounds 




Who&s Blood: The free phosphorus of the whole blood,
after treatment was 2.85 mg. per 100 c.c., and this is 8.3 
per cent above the control value.
Plasma: The free phosphorus of the plasma, after
treatment, was 2.7 mg. per 100 c.c., and this is 17.3 per
cent above the control value.
Red Blood Corpuscles: The free phosphorus of the red
blood corpuscles, after treatment, was 3.1 mg. per 100 c.c., 
and this is 6 per cent below the control value.
E s ter Pho s phoru s .
-cOo-
Whole Blood: The ester phosphorus of the whole blood,
after treatment, was 16.35 mg. per 100 c.c., a decrease of 
3 . 6  per cent below the control value.
Plasma: The ester phosphorus of the plasma, after
treatment, was 0 . 6  mg. per 100 c.c., an increase of 100
per cent above the control value.
Red/
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blood corpuscles, after treatment, was 45.3 mg. per 100 c.c., 
decrease of 10 per cent below the control value.
Lipin Phosphorus.
-oOo-
Whole Blood: The lipin phosphorus of the whole blood,
after treatment, was 1 1 .8  mg. per 100 c.c., or 3 . 2  per cent 
below the control value.
Plasma: The lipin phosphorus of the plasma, after
treatment, was 8.7 mg. per 100 c.c., or 20.8 per cent above 
the control value.
Red Blood Corpuscles: The lipin phosphorus of the red
blood corpuscles, after treatment, was 17.5 mg. per 100 c.c. 
or 2 1 . 1  per cent below the control value.
Total Phosphorus.
-cOq -
Whole Blood: The total phosphorus of the whole blood,
after treatment, was 31.0 mg. per 100 c.c., i.e. 2.5 per 
cent below the control value.
Plasma: The total phosphorus of the whole blood, after
treatment, was 12.0 mg. per 100 c.c., i.e. 22.4 per cent 
above the control value.
Red Blood Corpuscles: The total phosphorus content of
the red blood corpuscles, after treatment, was 65.9 mg. per 
100 c.c., representing 13 per cent below the control value.
Eaematocrit/




The cellular portion of the whole blood, after treatment,




1. The free phosphorus showed a tendency to ri3e in amount 
per 100 c.c. of the whole blood, and of the plasma, and
to fall in amount per 100 c.c. of the red blood corpuscles
after treatment.
2. The ester phosphorus showed a tendency to fall in amount 
per 100 c.c. of the whole blood, and of the red blood 
corpuscles, and to rise markedly in amount per 100 c.c. 
of the plasma after treatment.
3. The lipin phosphorus showed a tendency to diminish slightly 
per 100 c.c. of the whole blood, to diminish markedly per
100 c.c. of the red blood corpuscles, and to increase
markedly per 100 c.c. of the plasma after treatment.
4. The total phosphorus content was slightly decreased in the 
whole blood, appreciably so in the red blood cells, and 
markedly Increased in the plasma per 100 c.c. after 
treatment.
5. The cellular portion of the blood showed a tendency to 




Buckman, Daland, and Weld (1925) as mentioned above 
studied the blood phosphorus in chronic myelogenons 
leukaemia, especially as influenced by X-rays therapy.
They found that a marked Increase in the amount of the 
total phosphorus content not only of the plasma, but also 
of the red blood corpuscles generally occurred. Since, 
however, they determined only the total, and the inorganic 
phosphorus of the whole blood, of the plasma and of the 
red blood corpuscles per 100 c.c., they could not have 
appreciated the complete nature of the qualitative change 
in the phosphorus. They reported an increase in the 
amount of the total phosphorus both in the plasma, and the 
red blood corpuscles per cent. Our results, presented in 
this communication, for the plasma and the red blood 
corpuscles support their findings for the plasma, but not 
for the corpuscles. The total phosphorus content of the 
red blood cells in our cases, showed a tendency to diminish 
in amount per 100 c.c. after X-ray?irradiation. The 
difference in amount per cent between their findings and 
ours might be due entirely to the fact that the disease 
for which they administered X-rayr therapy was different 
to those studied by us.
From the available results there can be no doubt as 




compounds of the blood by the administration of X-rays. 
These rays apparently must cause a certain reaction in 
the tissue of the body which markedly affects the distri­
bution of the phosphorus compounds in the blood. These 
changes in the partition of the phosphorus compounds of 
the blood probably set in immediately after the adminis­
tration of the X-rays therapy, for they are evident 24 
hours after the irradiation, and they are still present 
in the blood at the end of 5 days after the treatment. It 
would probably have been of great importance to follow these 
changes and find out how long they persist, but the 
circumstances coupled with the large quantities of blood 
required for each analysis prevented the experiment.
Free Phosphorus.
-oOo-
In 5 experiments carried out on 4 cases, there was 
found an appreciable increase or decrease in amount of the 
free phosphorus fraction per 100 c.c. of the jblasma, and 
of the red blood corpuscles, but there was no uniformity 
in these changes. Thus, the free phosphorus of the plasma 
showed a tendency to fall in amount per cent in 3 experi­
ments, to remain constant in one, and to increase in the 
remaining experiment. Similarly the free phosphorus of 
the corpuscles showed a tendency to fall in 3experiments 
per cent, and in the other two to increase in the amount 
per cent. See Chartxvüand XYXII.
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-eO ci-
In all the 5 experiments carried out on the 4 cases 
deep X-rays therapy caused a very marked disturbance in 
amount of the ester phosphorus per 100 c.c. of the plasma. 
The ester phosphorus per 100 c.c. of the plasma is very 
small - below 1 milligramme per cent - but nevertheless 
it showed great augmentations up to 100 per cent after 
deep X-rays treatment. See Chart XIX.
The ester phosphorus of the corpuscles or the so- 
called "phosphorus index" also suffered a disturbance.
In 4 out of 5 experiments it showed a tendency to fall, 
but in the other it rose slightly. This would suggest 
that the corpuscles are poorer in the ester phosphorus per 
unit volume after treatment. See Chart XX. .
Lipin Phosphorus.
-oOo-
The most striking disturbance however occurred in the 
lipin phosphorus content of the blood as the result of the 
X-rays therapy. This change was present uniformly in all 
the 5 experiments, and it was definite in each one of them. 
The lipin phosphorus content of the plasma was found 
constantly increased in amount per cent. On the other 
hand, the lipin phosphorus content of the red blood 
corpuscles showed a tendency to decrease definitely and 
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strongly suggest that there Is a shift of the lipin 
phosphorus from the corpuscles to the plasma for some 
as yet inexplicable reason. See Chart XXIand XXII.
In the light of our present knowledge and avail­
able data it is difficult to offer a theory which would 
explain these changes in the partition of the phosphorus 
compounds of the blood after the administration of deep 
X-ray?therapy, but it would appear to open a new field 
of interest for the workers of the future, and the explan­
ation must await further work.
Conclusions.
-oQo-
1, The administration of X-rayr therapy influences the 
partition of the phosphorus compounds of the blood.
2* The free phosphorus both of the plasma, and the red 
blood corpuscles undergoes some changes, tat they are 
not invariably uniform.
3. The ester phosphorus of the plasma is markedly augmented, 
and the ester phosphorus of the corpuscles or the so-called 
’’phosphorus index” of the blood shows a tendency to fall 
in the amount per cent#
4 » (a) The lipin phosphorus of the plasma is greatly aug­
mented.
(b) The lipin phosphorus of the red blood corpuscles 
shows a tendency to be markedly decreased in the amount 
per cent.
— .........o0O"~— — — ■—
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Case 1 . J.McE., aet.ll years. Admitted 1 /1 2 /1 9 2 9 •
history: Caught cold 3 weeks ago. Headache 2 weeks ago. 
Malaise, vomiting and swelling of face for 1 week.
Blindness for 1 day.
On examination: big and fat boy, unconscious, will 
not speak. Slight oedema over shins. Vision cannot be 
tested. Optic neuritis in both eyes, most marked in the 
left eye. Throat clean. Circulatory, respiratory, 
alimentary and nervous systems - nil. Urine contains 
albumin ++, blood +. Blood pressure ¿7^  N.P.N. 32,1 mg.$; 
Cl1 410 mg.$. Blood examined for phosphorus compounds. 
3/12/1929 Condition I.S.Q. N.P.N. 54.5 mg.$; Cl' 270 mg.$. 
Blood examined for phosphorus compounds. 20/12/1929 Quite 
bright. Vision good. Ho neuritis. Urine contains 
albumin +, and abundant casts. Slight pitting still 
present over shins. N.P.N. 57„1 mg.$, Cl1 260 mg.$.
Pigment test: 1st hour 27$, 2nd hour 13$. Urea concen­
tration test: before 1.52$, 1st hour 2,27$, 2nd hour 2,10$. 
Blood examined for phosphorus compounds. 13/1/30 Urine
contains no albumin. Few casts. Blood examined for 
phosphorus compounds. 20/1/30 Dismissed well.
Diagnosis: acute nephritis with uraemia.
9/5/30 seen outdoorsj general condition satisfactory.
Urine clear * Blood examined for phosphorus compounds.
Appendix I.
Case 2» M.J., aet.6 years. Admitted 18/2/1930.
KIstory: Headache and vomiting for 3 weeks; swelling 
of face and legs for 2 weeks.
On examination: fair-sized, acutely ill and 
unconscious. Oedema of face, feet and ankles. Heart 
faint systolic murmur at pulmonic area. Lung: Some 
scattered rhonehi. Urine contains albumen +++, blood +, 
RBCs, WBCs, epithelial and granular easts. Blood 
pressure i Slight blurring of the discs especially
of the right eye. N.P.H. 84.4 mg»$; Cl* 330 mg.$;
CO2 46.9 vols.$. Blood examined for phosphorus compounds. 
21/2/30. Condition I.S.Q. Blood examined for phosphorus 
compounds. 7/3/30. Urine contains albumin +, blood 
Esbach 0,5. H.P.N. 34 mg«$; Cl* 290 mg.$. Urine 
concentration test: before 0 .6$, 1st hour 1.38$, 2nd 
hour 1.8$. Blood examined for phosphorus compounds. 
5/5/30» Urine contains a trace of albumin, Esbach nil, 
and occasional pus cell, Blood examined for phosphorus 
compounds. Dismissed well0
Diagnosis: acute nephritis with uraemia.
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Case 5 . H.J., aet®5 years. Admitted 13/1/1930.
'History: Swelling of the feet, legs, hands and face of 
5 days* duration. Haematuria for 3 days.
On examination: Well nourished with slight general­
ised oedema. Free fluid in abdomen. Teeth bad. Other 
organs nil. Urine contains albumin ++, blood +, RBCs 
and casts. Blood pressure H.P.F. 39.7 mg.$;
Gl’ 310 mg.$. Blood examined for phosphorus compounds. 
25/2/30. Urine contains albumin +, and few granular 
casts. Blood examined for phosphorus compounds.
12/3/30. All oedema gone. Urine contains albumin +, 
and occasional RBCs. Blood examined for phosphorus 
compounds. 27/3/30 . Figment test 45$ in 2 hours♦
Urine contains a trace of albumin, and occasional casts. 
Urea concentration test: before 1.02$, 1st hour 2.73$,
2nd hour 3.10$. Blood examined for phosphorus com­
pounds. 28/5/30. Dismissed well.
Diagnosis: acute nephritis.
25/4/30: seen outdoors: general condition good. Urine 
clear. Blood examined for phosphorus compounds.
Gaseé, G.S., aet.6 years. Admitted 22/2/1930.
history: Fevered and urine brown for 10 days. Vomited 
once *
On examination: Tall spare boy. Ho oedema. Basal 
systolic murmur. Throat clean. Tonsils +, carioxis 
teeth. Urine contains albumin ++, blood ++, granular 
and cellular casts. 24/2/30. Blood pressure
H.PsN. 62.3 mg.$. Blood examined for phosphorus 
compounds. 24/3/30. Quite well. Urine contains a 
trace of albumin. Plgnent test 62$ in 2 hours. Urea 
concentration test: before 1*86$, 1st hour 2.76$, 2nd 
hour 5,12$. Blood examined". 31/3/30. Dismissed well.
Diagnosis: acute nephritis.
16/5/30: seen outdoors: general condition satisfactory. 
Urine clear. H.P.H. 44.4 mg.$. Blood examined*
Gase 5. E.MeC., aet 9 years. Admitted 13/2/1930.
History: Puffiness of face for 1 week. Urine brown. 
Headaches In the morning for 3 days, and nausea. Ancxeia 
for 2 days. Bowels rather loose.
On examination: Well developed and nourished boy. 
Swelling of face and slight pitting round the ankles. 
Throat clean, carious teeth. Urine contains albumin ++, 
blood +, and epithelial and granular easts. Blood 
pressure 7^  . 15/2/30. Urine contains albumin ++,
blood +, Esbach 1.25. H.P.H. 43.5 mg.$; Cl* 300 mg.$. 
Blood/
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Blood examined. 7/3/30« Urine contains albumin +, 
and few casts. N.F.N. 31.6 mg . %; Cl* 300 mg.#. Urea 
concentration test: before 1.2%, 1st hour 2.4#, 2nd 
hour 5 »12#. Blood examined. 20/3/30. Dismissed well.
Diagnosis: acute nephritis.
12/5/30: seen outdoors: general condition good. Urine 
clear. Blood examined.
GaseS. D.De, aet 8 years. Admitted 2/11/1929.
ffTstory: 6 days ago shivering and pain in right loin. 
Urine dark. Off food and vomiting.
On examination: fair "-sized and moderately nourished 
boy. Urine contains albumin ++* blood +, and RBCs and 
granular casts« Blood pressure.
Blood examined for phosphorus compounds.
Diagnosis: acute nephritis.
Case 7. H.H., aet 3|j- years. Admitted 19/4/30.
History: Haematuria for 3 weeks. Restless and easily 
tired. Appetite poor. Anuria for 2 days.
On examination: Small* fairly well nourished girl. 
No oedema. Systolie murmur all over precordium 
propagated towards left axilla. Throat congested. 
Urine contains albumin ++, blood +, RBCs and easts. 
N.P.N. 71.4 mg4, Cl* 330 mg.#. Blood examination for 
phosphorus compounds. Dismissed well.
Diagnosis: acute nephritis.
Case 8. H.M.* aet 12 years. Admitted 21/3/30.
"''KTaiery: Headache and vomiting for 2 weeks. Puffiness 
of eyes.
On examination: Big spare boy. No oedema. All 
the organs normal. Tonsils ++. Urine contains albu­
min ++* blood +* granular casts. Blood pressure - LLr  .
4/4/30. Urine contains albumin ++* blood ++, Esbach 0.25, 





Case 9. J.W.* aet 12 years. An outpatient. Urine contains 
"TTTght trace of albumin. General condition good. Blood 
examination for phosphorus compounds.
Diagnosis: chronic nephritis.
(This patient was in the hospital one year ago).
Case 10» A.McB.* aet lié years. Admitted 31/1/30.
Ëistory: Swelling of feet and legs for 3 weeks. Puffiness 
of eyes for 1 week. Breathlessness for 1 day.
On examination: Undersized but well nourished.
Face cyanotic* clubbing of fingers and toes. Face puffy 
and oedema of feet* legs and lumbar region. Small 
cervical glands palpable. Lungs: impairment of note at 
both bases. Occasional rhonchi heard. Abdomen some­
what résistent. No tenderness. Throat red* carious 
teeth. Pirquet +. Urine contains albumin +++ and 
scanty granular casts. Blood examined. 22/5/30 Trans­
ferred to sanatorium.
Diagnosis: subacute nephritis and tuberculous 
peritonitis.
Case 11. J.L.* aet 5 years. Admitted 6/1/30.
M.story: Pale and listless for 7 weeks. Complained of 
thirst and frequent micturition. At the same time had 
special desire for sweet things. Albuminuria found. 
Measles 2 weeks later. Thirst- became more marked.
Sugar in urine. Since then on diet + 10 units of insulin.
On examination: Big* moderately nourished boy. Pale. 
Cervical glands palpable. All the systems normal. Urine 
contains sugar and acetone. Fasting blood sugar 0.117#. 
Blood examined for phosphorus compounds on 3 occasions. 
6/2/30 Dismissed on 1000 calories + 8 units of insulin. 
Diagnosis: diabetes mellitus.
Case 12. J.B.* aet 10 years. Admitted 22/2/30.
~History: Was treated in the hospital in 1928. Afterwards 
attended diabetic clinic every month. One month ago 
blood, sugar was 0.3#. This was probably due to his 
adhering to the diet prescribed. Had cold 2 weeks ago.
On examination: Spare boy; not looking ill. Heart, 
lung* abdomen nil. Throat clean. Urine contains sugar +. 
Blood examined for phosphorus compounds on 3 occasions 
during his sojourn in the hospital.
7/4/30 Dismissed on diet of 1515 calories + 15 units of 
insulin.
D i a g n o s i s :  d i a b e t e s  m e l l i t u s .
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Case 13. J.McK.* aet 8 years. Admitted 29/11/1929. 
“TUstory: Was in the hospital in April 1929. Since 
dismissal attended diabetic clinic. Reported well 
with occasional glycosuria. Diarrhoea 1 week ago for
2 days. Abdominal pain. Fasting blood sugar 0.236#3 days ago.
On examination: fair-sized* moderately well 
nourished girl. Cervical glands palpable. Circulatory* 
respiratory, alimentary and nervous systems nil. Throat 
clean. Tonsils +. Urine contains sugar ++ and a 
trace of acetone.
Blood examined for phosphorus compounds on 4 
different occasions during her stay in the hospital. 
5/5/30, Dismissed on diet of 1360 calories + 60 units 
of insulin.
Diagnosis: diabetes mellitus.
Case 14. A.G.* aet 10 years. Outpatient.
History: Was treated in the hospital in 1928» and has 
been attending diabetic clinic since. Is on a diet of 
1320 calories + 24 units of insulin, and is doing well. 
Urine free of sugar* and fasting blood sugar 0.086#. 
Blood analysis for phosphorus compounds.
Diagnosis: diabetes mellitus.
Case 15. J.E«, aet 1 years. Admitted 23/12/1929.
Mstory: at year crowing sounds on wakening out of 
sleep. Convulsion 10 days ago. Crowing still present.
On examination: fair-sized and moderately nourished 
infant. Looks well. Anterior fontanelle admits 1 
finger tip. Beading of the ribs. Facial phenomenon 
present. X-ray of wrists showed slight rickets. Blood 
examination. 15/3/30 dismissed well aftei* treatment with 
Vigantol.Diagnosis: infantile tetany with rickets.
Case 16. J.M.* aet 4 years. Admitted 27/1/1930.
" “History: Healthy till 3 years old when had measles
followed by pneumonia. Since then his legs have been 
weak. Unable to stand.
On examination: Markedly rachitic child with narrow 
chest and splaying of the central margin. Tibiae bowed 
and epiphyseal enlargement. Throat red* carious teeth. 
X-ray of wrists: rickets? healing. 5/2/30 Laryngismus 
and very marked facial phenomenon. Blood analysed for 
phosphorus compounds. 17/3/30 Dismissed improved.
Diagnosis: infantile tetany with rickets.
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Caae 17. J.C.* aet 1 years. Admitted 25/1/1930.
TUToi'y: Attacks of respiratory embarrassment and 
"swelling of abdomen” for 2 months. Respiratory 
embarrassments are accompanied with crowing noise.
Sweats profusely.
On examination; Fair-sized and moderately nourished. 
Irritable* and when crying tendency to laryngismus. 
Anterior fontanelle admits 1 finger tip. Beading of 
ribs* and epiphyseal enlargement. Facial phenomenon 
very marked. X-ray shows "slight rickets” ? healing. 
Blood examination. Put on vigantol.
22/3/30 Dismissed well.
Diagnosis; infantile te'tany with rickets.
Caae 18. T.M., aet years. Admitted 17/2/30.
TfXsljory; Attacks of dyspnoea for 4 months. 2 convulsions 
during the past 2 weeks. Has inspiratory stidor, 
occasionally cyanosed during the attack.
On examination; Fair-sized and well nourished infant. 
Very pale with suggestion of cyanosis in cheeks. Breath­
ing noisy. Typical laryngismus heard. Blood examined. 
20/2/30 died.
Diagnosis; infantile tetany.
Case 19. G.T.* aet 1 years. Admitted 23/3/30.
History; Crowing for 2 weeks. Vomited for 2 days.
Spasm of hands and feet which comes and goes since.
On examination; Big well nourished girl. Irritable. 
Definite laryngismus. Carpo-pedal spasm present. 
Anterior fintanelle admits 2 finger tips. Beading of 
ribs and epiphysis enlarged. Facial phenomenon very 
marked. 1/4/30 Dismissed well.
Diagnosis; infantile tetany with rickets.
Case 20* J.L., aet 2 years. Admitted 7/2/30.
““ History: Spasm of hands and feet of few hours* duration.
On examination; Small spare child. Flushed. Anterior 
fontanelle admits 1 finger tip. Very marked carpo-pedal 
spasm. Beading of ribs and epiphysis enlarged. Facial 
phenomenon very marked. X-rays show "rickets l" Blood 
examined. 21/2/30 Dismissed apparently well.
Diagnosis: infantile tetany with rickets.
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Case 21» B.R®, aet 4 weeks. Admitted 18/1/30.
HisTJory: Convulsions for 3 weeks.
On examination: Small and moderately nourished infant« 
No loss of skin elasticity. Anterior fontanelle admits 
4 finger tips. No bulging present, pulsating. No nuchal 
rigidity. No facial phenomenon. Urine nil. Inmb&r 
puncture. C.S.Fluid clear. No increase in cells and 
Pandy negative. Wasserman Reaction (blood) negative. 
Blood examination for phosphorus compounds,
26/2/30 Died,
Diagnosis: idiopathic convulsions♦
Case 22. G.K., aet 5 weeks. Admitted 22/1/30.
History: Diarrhoea for 9 days. Convulsions for 3 days.
On examination: Small fairly well nourished infant. 
Anterior fontanelle admits 3 finger tips, and pulsating* 
facial phenomenon negative. Urine nil. No nuchal 
rigidity. Blood examination. 6/3/30 Dismissed apparently 
well *
Diagnosis: idiopathic convulsions.
Case 23* R.A., aet 12 years. Admitted 23/12/29.
History: Listless and loss of appetite for the last few 
months. During the last 6 weeks he grew worse.
On examination: Small, rather spare boy, of pale 
and sallow complexion. Mucosae very pale. Cervical 
glands palpable. Circulatory, respiratory, alimentary 
and nervous systems nil. Tonsils +++. Some carious 
teeth. Urine is acid in reaction and contains a trace 
of acetone. Blood connt: HC. 40$, RBCs 4,600,000,
WBCs 3*100, C.I* »43» Wasserman reaction (blood) negative. 
Blood examined for phosphorus compounds.
4/2/30 Dismissed well*
Diagnosis: secondary anaemia.
Case 24. L.A., aet 6 years. Admitted 3/4/1930.
History: The child has been disinclined to play and has 
been getting pale for past year.
On examination: Fairly well nourished. Marked palor 
of skin and mucous membranes. Small lymphatic glands 
palpable in the axillae and groins. Heart: systolic 
murmur loudest at base. Carious teeth. Urine nil.
Blood connt: HC. 20$, RBCs 2.500,000, WBCs 7.200, C.I. 0.4. 
Fragility test: negative. Waaserman Reaction (blood) 
negative. 16/5/30 Dismissed much improved.Diagnosis: secondary anaemia®
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Caae 25. D.S», aet 8 years.
This patient had rheumatic fever, and was in conval­
escent stage, hut was very anaemic. Blood connt: itB* 35$, 
RBCs 4.700,0001 WBGs 7.400; C.I» .37. Blood examined. 
Diagnosis: secondary anaemia post rheumatic fever.
Case 26». M.T., aet 3 years. Admitted 30/1/30.
History: Bruises appeared on legs, side of face and hack.
On examination; Big, good colotired healthy looking 
boy with bruises over legs, right hand, face and back. 
Petechial haemorrhages over shoulders and buttocks.
Heart: systolic murmur at base. Tonsils +. Urine nil. 
Blood examined. 5/2/30 Dismissed well.
Diagnosis: purpura simplex.
Case 27» W.M., aet 6s years, Admitted 25/11/1929.
History: Child born with "fracture of the left tibia". 
Was operated on aet/-^years at R.H.S.C., and since has 
been walking with the aid of a high boot. Attended 
outpatient department regularly till present.
On examination: Acute bowing in the lower third of 
left tibia with a small ulcerating area at the apex of 
the bowing. Fracture exposed and bones plated, but no 
union ensiled. Wasserman Reaction (blood) negative.
Diagnosis: ununited fracture of tibia.
Case 28. J.W., aet 1 year3. Admitted 11/2/1930.
TfTStory: As she has not made any attempt to walk mother 
brought to R.H.S.C.On examination: Small, well nourished child; has 
dull and heavy look. Keeps mouth open. Anterior 
fontanelle admits 1 finger tip. Beading of ribs. Epi­
physis enlarged. Cervical glands palpable. Urine nil. 
X-ray shows rickets. ? active.
Diagnosis: rickets.
Case 29. D.M., aet 5§ years. Admitted 24/3/30.
' His'tory: Urine contains albumin.
On examination: Fair-sized and well nourished girl. 
No puffiness or swelling anywhere. Urine contains 
albumin/
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albumin if the patient passes it in standing posture, 
and none when at rest.
Diagnosis: functional or orthostatic albuminuria.
Case 50. H.M., aet 8 years. Admitted 5/4/1930»
Palor for a few months and enlarged glands in the neck.
On examination; Big boy, and not acutely ill. In 
posterior triangle on the right side of the neck large 
masses of discrete glands. No glands anywhere else. 
Spleen not palpable. A gland excised and examined. 
Pathological report: Histologically gland is the seat 
of lymphadenoma.
Diagnosis : lymphadenoma.
This patient was treated with X-rays, and used for the 
experiment.
Case 51» C.G®, aet 9§ years. Admitted 30/1/1930.
History: Mother has noticed that she has not been growing 
at all since 5 years old® Periodical attacks of vomiting 
and diarrhoea.
On examination: Small and plump girl. Quite bright. 
All the systems nil. Throat clean. Urine nil.
Height 102.5. Weight 15.92 kilos. X-ray of skull shows 
no abnormality. Her field of vision is within normal 
limits. Ossification centre practically normal.
Goetseh*s test was within normal limits. Blood examined. 
Put on to pituitary extract twice weekly for 2 months. 
Blood re-examined.
Diagnosis: 2 Pituitary dwarfism.
Case 52. G.M., aet 7 years. Diagnosis; haemangioma of thigh.
Case 33. E.McA., aet 60 years.
biagnosis: Carcinoma of the right mamma. 
Treated with deep X-ray therapy.
Case 34. J.B., aet 33 years.-biagn&sis. cerebral cyst.
Treated with deep X-rays therapy.
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